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1. Introduction 
1.1. Literature review 
1.1.1. Introduction to erosion downdrift of artificial barriers 
Human influence on a delicate and exposed coastline is an extensively studied 
phenomenon, examined both academically and in commercial engineering. 
Many authors have looked into the effects of downdrift erosion, with the 
emphasis for the large majority of these papers, being the impact of downdrift 
erosion on the beach morphology and material distribution. 
Of the numerous authors looking at this subject Komar (1983), Bruun (1995) 
and Griggs & Tait (1989) stand out. They all recognise the disturbance that a 
strong point in the form of a jetty, breakwater, or groyne field can cause on a 
beach. However few authors have approached the response of a coastline to 
artificial barriers consider the effect upon the cliff overlooking the beach. 
Griggs and Tait (1989) highlight a number of important points. They 
recognised the need for extensive research into the effects of artificial barriers 
on the coastline, which will in turn allow for more informed decisions to be 
made when local authorities formulate coastal management plans. 
Bruun (1995) and (2001) looked at 'The Development of Downdrift Erosion' 
for the protection of inlets, concentrating on leeside erosion downdrift of 
manmade barriers. A number of cases are cited in his paper ranging 
geographically from Europe, America and Japan. Bruun also discusses the 
long and short distance influences of littoral drift barriers. In these papers he 
concludes that an initial short distance impact occurs and when developed a 
long distance effect may occur. 
'the short distance peak of the erosion occurs rather close to the littoral drift 
barrier and only moves downdrift at a rate of about 0.3 to 0.5 km/year 
compared to a rate of 1 -1.5 km/year for the long distance erosional front' 
(Bruun, 1995). Nell Farquharson 
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Further to Bruun's work Komar (1983) comments on the effects of a number 
of different artificial barriers in his paper 'Coastal Erosion in Response to the 
Construction of Jetties and Breakwaters'. His work recognises the initial 
impacts of such structures, 'the damming effect produces accretion, a 
shoreline advance on the up-drift side of the obstacle, and erosion in the 
downdrift Section' (Komar, 1983). 
To further the understanding of the processes involved it is important to 
develop a clear definition of the mechanisms involved. From these papers 
erosion downdrift from artificial barriers can be defined as a material deficit 
occurring from a blockage in the littoral drift, thus depleting areas of the beach 
immediately down drift from the structure. 
Figure 1 shows the features commonly associated with beach response to 
artificial barriers, these being the accumulation of material on the up-drift side 
of the barrier, and the depletion of material on the downdrift side. 
In addition to the previously mentioned features. Figure 1 depicts an important 
Section of the beach influenced by artificial barriers (for the purpose of this 
project it is referred to as the barrier shadow), this occurs when the incoming 
waves approach at an angle between 45° and 90°. The waves are refracted 
around the strong point (in this case the littoral drift barrier). Thus the area of 
the beach within the barrier shadow will experience more direct wave action 
and in turn increasing the material lost from this Section of the coastline 
creating a set back. \eil rarquharson 
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Figure 2: Sketch of a logarithmic spiral (taken from Silvester (1970)) 
Yasso (1965) applied this theory of log spirals to bays, using the equation: 
R2/R1 = e (cot;) 9 
Ri and R2 are radii from an origin angled 9 (radians) apart, and ;is a constant 
angle of the tangent to the curve with these radii (Silvester, 1970) (Figure 2). 
For the purpose of this project it is important to recognise a definition of a 
crenulate shaped bay. This will allow further analysis in this dissertation. 
Characteristically crenulate shaped bays consist of a one or more of three 
component lengths, as described in Wright (1981). 
a. A short, essentially circular up-drift length 
b. A logarithmically curved middle length. 
c. An essentially straight tangential downdrift length. 
For each of these components development is largely dictated by the action of 
wave refraction and diffraction. 
1.1.3. GIS 
GIS is commonly defined not as a single unit or analysis, but an amalgamation 
of data, software, hardware and human input to generate a thorough database 
to represent and analyse geographical data. A GIS comprises spatial and 
attribute data. \e I 'arqifiarstr 
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Spatial data has many different forms but the two most common are vector 
and raster. Where raster references data to a cell or grid reference, spatial data 
uses points, lines or polygons. 
Attribute data is the information assigned to the spatial data. This can be a 
description, measurement or classification. 
The application of GIS as a process of monitoring temporal land change is by 
no means a recent development. The early 1960's saw the implementation of 
GIS in Canada as a means to analyse Canada's national land inventory. This in 
turn led to a number of leading academic institutions (namely Harvard) to look 
at the development and implementation of spatial data. 1969 saw the founding 
of Environmental Systems Research Institute (ESRI) by Jack & Laura 
Dangermond. ESRI today is recognised as one of the leading developers of 
GIS software following the launch of Arc/Info in 1981. 
With the development of the internet and GPS over the proceeding ten years 
GIS became more commercially available and significantly cheaper. Today 
implementing GIS within a project only requires a relatively modern computer 
and some GIS software such as Arc View by ESRI. 
Its primary advantage is it accuracy over human work done by hand. The use 
of digital data allows greater manipulation and flexibility. For this project a 
number of different data sets have been brought into one coordinate system, 
this would be a time consuming and potentially error ridden method if 
employed using traditional techniques. 
1.2. Background 
1.2.1. Development of Christchurch Bay 
The Solent channel, as it is known today, is an area of constant change and 
development. Today we see only part (the upper reaches) of a previously 
extensive drainage system known as the Solent River. In the Late Quaternary 
the Solent River drained a large part of Central Southern England flowing in a 
general East West direction, flanked to the south by a chalk ridge known as 
the Purbeck Isle of Wight Ridge, and to the north by the Hampshire - Dorset 
Downs. 
Work looking into tliis topic has been carried out by a number of authors, most 
significantly being Velegrakis et al, (1999). Their work entailed mapping of 
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offshore buried channels using geophysical data. Their results showed that the 
Solent river system was irreversibly disrupted by southern capture of its 
upstream section before the Flandrian Transgression. The disruption was a 
result of the fluvial breaching of the southern barrier (Purbeck- Isle of Wight 
Ridge) at three points dated to around the later Devensian. Velegrakis et al 
(1999) work concluded that Poole Bay was submerged during this breaching, 
infilling its palaeovalleys with transgressive facies. Christchurch Bay was 
submerged at a later date, this being explained through the abrupt manner of 
the inundation, where there were no transgressive facies found within the 
buried palaeovalleys. 
The subsequent development of Poole and Christchurch Bay is put down to a 
combination of the advancing sea levels and most significantly a more vicious 
and extensive tidal range. The Evolution of Poole and Christchurch Bays 
(Tyhurst and Hinton, c. 2000), looks at the tidal influence in detail. They 
describe the development of Christchurch Bay as occurring after Poole Bay, 
mirroring the opinions of Velegrakis et al (1999). Thus the initial development 
of the bays 'probably took place from around 7,500 years BP onwards' 
(Tyhurst and Hinton, c. 2000). But the majority of the Christchurch bay 
developments occurred later being c3,000 years younger. It is therefore 
reasonable to presume that the exposed geology in and around Christchurch 
bay had little resistance against a barrage of sea level rise and a violent tidal 
regime. 
1.2.2. Engineering Works History 
The engineering works observed within Christchurch Bay over the last 160 
years range from mining to hard sea defences and groyne fields. It is important 
to analyse these events to fully understand their influence. 
1847: The mid 1800s saw the start of the extraction of Ironstone from 
Christchurch ledge. Stopher and Wise (1966) commented on the knock on-
effects of this operation in their paper 'Coastal erosion problems in 
Christchurch Bay'. The ledge acted as a natural groyne before the mining 
scoured a deep channel, thus altering the offshore sediment distribution. 
This caused the growth of a southern sandspit south of Christchurch 
harbour entrance and along the shore eastward across Highcliffe. The spit 
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experienced a cyclic sequence of loss and growth until 1937 when it was 
breached. This dissertation will analyse the effects on the study area 
further in Section 6. 
1938: The construction of the Hengistbury head long groyne was a direct 
response by the Bournemouth Council to the Christchurch ledge mining; 
this sealed the inshore channel and proceeded to cut off the major supplies 
of sand to the beaches in Christchurch Bay. 
1945 - 1950: The knock on-effects of the Hengistbury Head constructions, 
lead to engineering responses at a number of locations. A timber groyne 
field was constructed at Mudeford to limit the amount of material that was 
lost. The incoming material load had been lighten greatly through the 
Hengistbury Long Groyne interference. 
° 1963 - 1972: The loss of beach material at Mudeford heavily exposed the 
low lying coasthne. In response to this the need for a seawall was called 
for; a large concrete apron constructed with sheet steel piling protecting 
the sea frontage. 
1970: A groyne construction and beach replenishment scheme was 
implemented throughout the 1970s across the Highcliffe beach frontage. 
This consisted of timber groyne sets being built with routine replenishment 
of shingle. 
1980: The construction of the bastion or strong point at the Chewton 
Bunny outfall on the western extent of the Naish Farm Holiday estate was 
in further response to the protection works already constructed at 
Highcliffe. The Bastion (detailed further in Section 1.1) acts to protect the 
outfall for the bunny and a strong point for promoting downdrift erosion. 
1985 - 1987: Further construction of groyne fields at Highcliffe showed 
the continuing concern of material loss and coastal erosion resulting in loss 
of land. 
1991: Additional rock blocks were added to the bastion at Chewton 
Bunny, this continued Christchurch Borough Council's struggle with 
losing beach material to a heavily out of balance sediment transport 
system. Neil Farquharson 
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1992: the fight against depleted beach material was continued with 
additional work being contributed to the Highcliffe stretch of Christchurch 
to the west of Naish Farm. 
1.2.3. Naish Farm 
The Naish Farm estate has been prominent within Christchurch bay for a 
number of years, both for its holiday facilities and for its excessive erosion 
rates causing dramatic loss of land. Previously the site had been used 
extensively for farming, but in more recent years it has adopted a more 
profitable use, taking advantage of the south coast 'tourism boom' by 
becoming a caravan holiday park. Throughout the site's history it has been 
hampered by one problem, it is bounded on the southern side by slowly 
degrading Barton Clay cliffs (for more detail see Section 1.2.4.). The cliffs 
regularly see a yearly loss of around Im on average. 
Plate 1: panoramic view of the Barton CKffs from 42181, 93193. 
Geographically Naish Farm can be found on the south coast of England 
located between Poole Bay and Southampton water in Christchurch Bay 
(Figure 3). 
The Naish farm site is bounded to the west by Chewton Buimy, which is small 
river valley, and to the east by the start of the coastal strong points which 
protect to Barton-on-Sea. Neil Farquharson 
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Chewton Bunny meets the coastline on the western extent of the study area, 
where in 1980 a rock bastion outfall was constructed out of Portland stone. 
Plate 2(a) taken in 2005 shows the current condition of the bastion outfall, 
with a close up in Plate 2(b). The construction was part of a major re-profiling 
project across the Chewton Bunny valley as it travels down to meet the sea. 
The fluvial action of Chewton Bunny cutting through the valley had been of 
concern to Christchurch Borough Council, as it caused areas of slope 
instability with the toe being eroded away. 
In addition to the slope re-grading the construction of the bastion added to the 
toe weighing of this Section of coast Une stopping any further slope movement 
towards the sea. 
Plate 2: Chewton Bunny (2005); (a) View looking east, the outfall is in the foreground with the 
additional rock bastion to its right as we see it. (b) View looking down into the outfall as it reaches the 
beach. 
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The eastern strong points bound the east side of the Naish Farm site. They are 
characterised by a series of rock groynes (Plate 3) running east to Barton-on-
Sea. The cliff Sections along this protected Section show far greater stability 
and therefore create a dramatic contrast against the set-back at the Naish Farm 
site. 
1 m I 
Approxiinaic Scalo 
Plate 3: looking east towards Barton-on-Sea, the visible rock strong points (groynes) are roughly 5m 
wide and 20m long. 
The Naish Farm estate is characterised by the Barton Clay cliffs which bound 
the southern extent of the site. It is these which are of significant interest. 
The (1.38 km) stretch of coasthne is a heavily protected site within an SSSI 
citation which covers 9km of coastline along the cliffs of Christchurch Bay. 
The Naish cliffs are recognised as a site of international geological importance 
as they contain outcrops of the fossil-bearing Barton beds which are renowned 
for their invertebrates. The SSSI citation prohibits any construction of hard 
engineering which might inhibit the cliffs natural degradation, as it is this 
natural development wliich is recognised as an intrinsic part of their evolution 
and a key part of their special interest. 
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This creates a problem with the owners of the Naish Farm estate; they are 
worried that they stand to lose a considerable amount of land over time if the 
cliffs do not reach a natural angle of stability. Doug Wright of the New Forest 
District Council's comment in Bray and Hooke's paper 'Geomotphology and 
management of sites in Poole and Christchurch bays' (1998) mentions that a 
number of standard cliff drainage and protection schemes where proposed for 
Naish between 1968 and 1985, these were all abandoned at the cost-benefit 
stage of the proceedings 'because of the low economic value of the cliff top 
land'. Therefore it has been concluded that the scientific importance of the 
cliffs at Naish out weigh the value of the cliff top land. 
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Naish Farm 
OS MasterMap (2004) 
Figure 4; Naish Farm Study Area. 
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1.2.4. Geology and Geological Structure 
1.2.4.1.Regional 
Figure 5 depicts the regional geology of Hampshire and Dorset. The soUd 
geology principally comprises of the Hampstead Beds and Bembridge 
Marls and the Barton, Bracklesham and Bagshot Beds. The Sands, 
Gravels, and River Terrace Deposits dominate the superficial deposits 
towards the coastal regions, showing the extent of the relic Solent River. 
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Figure 5: Regional Geology of Hampshire and Dorset. The study area is defined by the ellipse. (Taken 
from BGS website (BGS, 2005)) 
1.2.4.2 .Naish Farm 
The lithologies observed within the cliffs at Naish Farm are made up of a 
series of Pleistocene and Eocene formations. The general dip is considered 
to be ENE (Barton, 1984b). Figure 6 illustrates the dip of the beds 
across the site. 
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Figure 6: The Barton Cliff Section. Taken from Hooker (1975). 
The cliff is largely dominated by the Barton Clay, which is overtopped by 
the Plateau gravel of Pleistocene age; this is recognised to be the remains 
of a periglacial river terrace. 
Barton (1984b) describes the sandy gravel nature of the terrace gravel with 
cobbles and some thin lenses of gravely sand. The pebbles are derived 
from flints and sarsen (silicified sandstone) (Melville and Freshney, 1982) 
which were deposited by the 'Solent River'. Plate 5 depicts an upward 
view of the Plateau gravel, there is no clear grading found within this 
formation, which suggests a high energy environment of deposition that 
calmed dramatically causing the deposition of the gravel. This formation 
also exhibits examples of freeze thaw action and ice wedges recognised in 
Barton (1984a). Examples of these features can be observed in Plate 4. 
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Plate 4 (a) An involution and (b) A Frost Wedge: depict the frost features found within the Plateau 
gravels at the top of the cliff sequence. 
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Plate 5: Vertical Section of the Plateau gravel. The contact between the gravel and the Barton clay is 
indicated by the dashed line. (Scale warped by upward perspective). 
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The observed contact between the Plateau Gravel and Barton Clay is 
generally regular, with a number of infilled channels. Cryoturbation 
features are common and take the form of involutions and infilled frost 
wedges. 
Barton (1984b) comments on the Barton Clay as a 'fissured, over 
consolidated stratum of marine origin with fairly frequent vertical changes 
of lithology'. It is made up of lower and middle Barton bed which consists 
of beds AO through to F2. Layer H (the Chama beds) of the upper Barton 
Beds show a gradational change from silty fine sand at the top to silty clay 
at the bottom. Its lower bounding layer, and the bottom layer of the upper 
Barton Beds, is the G layer. This is often referred to as the stone band, but 
it is actually a thin layer of shelly limestone. 
This leads into the middle Barton Beds, with the F1 and F2 layers, two 
dark grey clay lithologies sandwiching a thin band of concretionary 
limestone. Layers E, D, and C see the formation go from the dark grey 
silty clay, to green glauconitic sandy, silty clay. In addition to this there are 
numerous examples of septarian nodules to be found. 
The lower Barton Beds B to AO make up the bottom units of the exposed 
geology observed at the Naish cliffs. The top layer (B) has some recorded 
bioturbation (Barton, 1973), with lenses of fine sand. The A3 layer is the 
bottom most lithology exposed in the cliffs, although this is more frequent 
than not obscured by the colluvial debris. The, acknowledged but rarely 
seen in the field, beds A2, A1 and AO consist of brown to green 
glauconitic sandy, silty clay. The bottom 2 layers are known to have an 
increased frequency of pebbles. 
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Plate 6: Naish Farm Slipped debris found at cliff toe: Gravely clay rubble derived from the terrace 
gravels can be observed. 
Plate 7: Distribution and composition of beach material found at 42221, 93140. (See Figure 4) 
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The beach material is generally considered to be largely derived from the 
washed out gravels found in the slipped material, as it can be compared to 
that found in situ at the top of the sequence. 
Plate 7 clearly shows the distribution of this material, further to the 
previous comments it is important to recognise that the larger pebble 
material could be storm beach deposits. 
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1.2.5. Geomorphology 
Figure 10 depicts the generalised form which the cliffs of Naish farm assume 
under failure. 
Barton and Coles (1984b) looked into the characteristics of slope degradation 
within the 'Barton Clay Cliffs of Hampshire'. Figure 10 is adapted from their 
paper. Geological descriptions of the principal lithologies taken from 'The 
degradation of the Barton Clay Cliffs of Hampshire' (Barton, 1973) can be 
found in Table 1. 
The colluvium is mainly distributed over the 3 benches which dominated the 
cliff structure, being the F, D and A3. Each bench overlies a preferred bedding 
plane shear surface, which are named in accordance to their geological zones. 
Measurements from Barton and Coles (1984b) place the F shear surface at 
25m AOD, the D shear surface at 9.5 m OAD and the A3 shear surface at 2m 
AOD. These elevations are variable throughout the site, as each of these beds 
dip at through site visits and journal comments it is apparent that the A3 
bedding plane and shear surface is rarely visible due to beach storm deposits, 
colluvial runoff and secondary failure of the benches. 
To understand the factors controlling the development of the embayment at 
Naish farm it is important to understand the degradational processes that occur 
within the cliffs. The spatial occurrence of the following phenomenon will be 
observed more closely in Section 6.5. 
Through papers by Barton (1984b), Hutchinson (1970) and Varnes (1978), it 
is possible to identify 1 primary, 2 secondary processes, and 4 tertiary 
processes. 
The primary processes are: 
Bench Sliding: Characteristically bench sHding consist of colluvium sliding 
over in situ clay. The shear surface is described as being compound (Skempton 
and Hutchinson, 1969), with the translational Section conforming to the 
surface of the preferred bedding plain (Figure 7). 
There are a number of features that can be observed at the face (or edge) of the 
bench failure. The active bench sliding can cause the accumulation of a 
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'rabble' at the face, further to this numerous tension cracks are visible, in the 
form of transitional edge failure (Figure 7). 
Figure?: idealised 3D view of Bench Sliding. Adapted from Barton (1984b). 
The two secondary processes: 
Slumping: Slumping (see Figure 8 (i)) is defined by Barton (1984b) as 'sliding 
of in situ strata of a scarp slope'. This process is recognised as an factor 
leading to scarp recession (Varnes, 1978). 
Spalling: Spalling (see Figure 8 (ii)) generally involves weathering to cause 
rotation or toppling and the subsequent falls of small mass, this adds to the 
accumulating scree found below. The spalling process is generally on going, 
being triggered by rain-wash shrinkage of clay and frost action. 
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Figure 8: Idealised 3D view of (i) Slumping and (ii) Spalling. Adapted from Barton (1984b). 
The 4 tertiary processes: 
Debris Slides; Accumulated debris, resulting from the before mentioned cliff 
processes, has the tendency to mobilise further causing slides (see Figure 9 
(i)). These movements are limited to slopes of 25° - 45° which can over run 
onto a bench in the form of a cohesionless 'thin tongue' (Barton, 1984b). 
Mudslides: mudslides (see Figure 9 (ii)) adopt a lob ate formation, with 
'discrete bounding lateral and basal shear surfaces having no direct relation to 
the preferred bedding planes' (Hutchinson, 1970). 
Mud runs; Mud runs occur after periods of prolonged precipitation, they are 
purely superficial movements that traverse all Sections of the cliff complex. 
Stream Erosion: Stream erosion (see Figure 9 (iii)) can be observed where 
water seepage occurs through natural springs, pipe/drainage leaks and aquifer 
discharge. This slow process can generate mud runs and mobilise landslides. 
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Figure 9: Idealised 3D view of (i) Mud sliding, (ii) Debris sliding, and (iii) stream erosion. Adapted 
from Barton (1984b). 
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Figure 10: Geological Section illustrating the benched formation of the Barton cliffs. Adapted from Barton (1973), (1984b) and (1998). 
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1.2.6. Hydrogeology 
Numerous investigations through piezometric measurements made in 
standpipes have been conducted across the Naish farm site. Barton (1973) 
describes the initial observations. 
The 3 permeable beds within the Naish Farm sequence are the Mudeford 
Sands, the Highcliffe Sands, and the Plateau Gravels. 
The layer of Mudeford Sand act as a controlling influence, it prevents the 
build up of hydrostatic pore pressures. Therefore it would not be uncommon 
for the development of mudflows above this layer; they would be mobilized 
by the outflow from the sand. 
Piezometer readings for the Highcliffe Sands show pressure heads of 5 - 11m 
above the base of the A3 layer, the low thickness of this layer causes small 
outflow. Therefore it is expected that mudflows would not be experienced, 
although the build up of high pressure heads has the potential to increase 
mobilisation. 
The Plateau Gravels show a number of 'discrete, but extensive, sub-surface 
reservoirs with pressure heads up to 2m at the Barton Clay surface' (Barton, 
1973). 
Gravel talus in the slipped debris has high permeability, causing perched water 
storage. This contributes to the factors mobilising material towards the base of 
the cliff formation. 
-27-"arqiAmrscr 
5 jdy (X Coa-it'iiie nec9<.*4cii d(w i a if( 
Of Chs*' on 'tu nv C"tiA)=hurc" t5ay 
1.2.7. Offshore sediment movement. 
In addition to an extensive analysis of the cliff geomorphology and coasthne 
morphology changes, it is important to consider the role of the sediment 
budget and transport within Christchurch Bay. 
Bray et al (1995) examined the littoral cell definition and budgets for central 
southern England. Their work involved pulling together a number of 
resources, namely papers by Henderson (1979) and Lacey (1985) who looked 
into the effects of wave refraction, Nicholls (1985) who looked at aluminium 
pebble tracer experiments as part of his work on Hurst spit, and Nicholls & 
Webber (1987) who worked on sediment budget computations based on 
historical coastal change. 
Figure 11 shows the amalgamation of the material used by Bray et al (1995). 
Christchurch Bay can be observed to have a clockwise net sediment direction. 
The net littoral drift (represented by 'LT' in Figure 11) takes the material 
eastward towards Hurst Spit (Bray et al., 1995). Interruptions in this direction 
can be observed at Hordle with the formation of a cusp ate foreland. Bray et al 
(1995) also recognises that the proportion of sand on beaches declines sharply 
from west to east, suggesting that 'fines supplied from the eroding cliffs are 
progressively winnowed offshore'. Material reaching Hurst Spit is 
consequently lost offshore through the estuarine sediment transport. 
The site of Chewton Bunny is depicted by the red number 6 in Figure 11. 
There are three primary types of sediment movements recognised. 
1. Gravel, clay and sand from cliff erosion, with a volume of >20,000 
m^ a'\ The reliability of the information is described as medium. 
2. Gravel, clay and sand in littoral (beach) drift, with a volume of 
10,000 - 20,000 m^ a'\ The reliability of the information is 
described as high. 
3. Sand in onshore to offshore sediment transport. There is no 
quantative data available here, but the information is considered to 
be a source of medium reliability. 
The Naish Farm cliffs dominate the eroded cliff material input to Christchurch 
Bay's sediment budget, due to it exposed nature. Despite this. Bray at al 
28 Neil Farquharson 
Study of Coastline Recession down drift 
Of Chewton Bunny, Christchurch Bay. 
® 0.3 
Figure 12: Global-average surface temperature (1860 - 2001), a combination of surface air temperature 
over land and sea-surface temperature over oceans. Taken from Hulme et al (2002) 
The work conducted for the UKCIP02 (Hulme et al., 2002) generally 
concludes that there will be an increase in average seasonal temperatures, an 
increased winter precipitation and a decreased summer precipitation, for each 
scenario. The report works with four defined emission scenarios; low, 
medium, medium - high, and high emissions. The models outputted 
conditions for 2020, 2050 and 2080 each seeing a change in the conditions of 
the previous period. 
1.2.9. Global Sea level rise 
Changes in the global sea level is a major knock-on effect from change in the 
earth's climate. The change in sea level is generally recognised to occur 
through thermal expansion of ocean water and the melting of mountain 
glaciers. 
Table 2 shows the projected average sea level rise, with respect to the 1961 -
1990 averages. The data shows the sea level rise in 30 year periods, 2020, 
2050 and 2080. In the short term view there are little differences in the sea 
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level for the low to high emission scenarios. In contrast there is greater 
divergence in the 2080s period, with the sea level change ranging from 23 cm 
to 36 cm from low to high emissions. From such results it is easy to conclude 
that there is risk of sea level rise, despite this 'there is still a great deal more to 
understand about the complex dynamic and thermodynamic interactions of 
ocean, atmosphere and ice-sheets before we can reduce the differences 
between these estimates' (Hulme et al, 2002). 
UKCIP02 Scenario 2020s (cm) 2050s (cm) 2080s (cm) 
Low Emissions 6(4- 14) 14(7-30) 23(9-48) 
Medium-Low Emissions 7 (4 - 14) 15 (7 - 32) 26(11- 54) 
Medium-High Emissions 6 (4- 14) 15 (8-32) 30(13-59) 
High Emissions 7(4- 14) 18 (9-36) 36(16-69) 
Table 2: Global-average sea-level change (cm) relative to the 1961 - 1990 average for the four 
UKCIP02 scenarios as calculated by the Hadley Centre Models. Taken from UKCIP02 Climate change 
Scenarios for the United Kingdom (Hulme et al., 2002). 
Figure 13 depicts the primary contributing factors to global sea level change. 
It is clear that thermal expansion of water is the main contributor to a rise in 
sea level. The melting of glaciers and Ice sheets releasing water contributes to 
a lesser extent. One important factor taken from Figure 13 is the influence of 
the Antarctic. It is thought that over the next 100 years the warmer 
temperatures and increased precipitation occurring over Antarctic may result 
in a slight expansion of the ice sheet. This could result in 'contributing to a 
fall in sea level of approximately the same magnitude as the contribution 
melting ice over Greenland makes to the rise in sea level' (Hukne et al., 2002). 
It is clear from Figure 13 that the total line shows a definite rise in sea level 
with the factors contributing to the rise out weighing the factors contributing 
to the fall. 
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Figure 13: The contribution to sea-level change from different sources for the Medium-High Emissions 
scenario as modelled by HadCMS of the period 1960 to 2100. Taken from UKCIP02 Climate change 
Scenarios for the United Kingdom (Hulme et al., 2002) 
1.2.10. Changes in regional sea level 
The UKCIP02 (Hulme et al., 2002) recognises that 'the change in the average 
level of the sea relative to the land will not be the same everywhere because of 
natural land movements and regional variations in the rate of climate induced 
sea level rise'. Therefore it is very important to consider all the factors 
influencing the south central coast. 
The UK is still adjusting physically to the conditions experienced in the last 
glacial period, with the land 'rebounding' from the de-glaciation. In addition 
to this, localised sediment consolidation is occurring as a result of ground 
water extraction. Therefore much of southern Britain is sinking and northern 
Britain is rising, all relative to the sea. This causes a significant variation in the 
net change around the British Isles, this is demonstrated in the map in Figure 
14. 
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Section 1.2.8. touched on the global scenarios regarding climate change, but it 
is important to bring this down to a regional scale and look at the impacts it 
will have on the south east and namely the study area of Naish Farm in Dorset. 
This will be done with the aid of the 'impacts of climate change in the South 
East in the 21^' Century' technical report (Wade et al., 1999). 
Through the models run by the UKCIP report there are a number of stark 
Figures regarding the climatic conditions in the south east by 2080. 
Of significant note are the following 
• Spring season temperatures rising by 2.6 °C 
• Summer and Autumn rising by 2.7-3.6 °C 
• Mean annual rainfall increase by 2 - 5 % 
• Increase of 20% winter rainfall 
• Decrease of 16 - 24 % of summer rainfall 
• Increase of 16 - 23 % in potential evaporation 
• Increase in daily rainfall intensity 
• Doubled frequency of 25 - 30 mm rainfalls 
Inevitably there is going to be greater variability in the weather. Due to 
increasing summer temperatures there will be increased storms with heavier 
rain, having the potential to mobilise areas of coastal cliff instability with a 
sudden influx in water. Similarly the increased winter precipitation will 
increase the water held within coastal cliff environments, causing more 
movement. (These geomorphological scenarios will be looked at in more 
detail in Section 6.5) 
1.2.11. Extreme sea levels 
The potential for extreme events causing more frequent localised rises in sea 
level is a realistic scenario to consider. Of these the storm surge poses the 
greatest threat to the British Isles. Storm surges are defined as 'a temporary 
increase in sea level, above the level of the astronomical tide, caused by low 
atmospheric pressure and strong winds' (Hulme et al., 2002). Occurring 
primarily in shallow water, such as continental shelf, storm surges pose a 
-35-rarqut<arso^ 
S.jJ/ufCodotiiie 
OfChsAim'niny CuNchurL- boy 
significant threat when occurring during high tide, further funnelling effects of 
the coastline morphology can increase the surge height. 
Figure 15 depicts the three emission scenarios effect on the potential height of 
a 50 year return period storm surge. The model used to generate the Figures 
considered the effect of global sea level rise, storminess changes and vertical 
land movements. It is clear from Figure 15 that the greatest heights are seen on 
the eastern side of southern England, occurring around the Kent and Essex 
coastal regions. It is important to note the increases in sea level height 
occurring around the study area on the south central coast of England. The 
medium to high and high emission scenarios cause the greatest sea level rise 
with an increase of 0.4 to Im during a storm surge. 
U-' 
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Figure 15: Change in 50 year return period surge height 
(metres) for the 2080s for three different scenarios. Taken 
from UKCIP02 Climate change Scenarios for the United 
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2. Project definition 
This dissertation will undertake the study and analysis of the effect of downdrift 
erosion from a strong point upon a delicate cliff line of soft rock of Tertiary age. 
The following Sections will detail the results and observations obtained through the 
GIS methodology and the geomorphological appraisals. 
The project will look to identify the primary controlling factor upon the development 
of the bay formation within the Naish farm study area and the how these factors effect 
the change in morphology of the cliffs and the type of failure observed. 
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For the purpose of this project the following maps were chosen to be used. 
° 
" 1898 
o 1908 
° 1938 
" 1963 
This decision was made as they ran from the earliest possible available date to 
the date of the first aerial photograph used. Therefore giving (on average) a 
data set every 27.75 years prior to the introduction of the photographs. 
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4. Methodology 
Figure 17 depicts the linkages between different aspects of the methodology. Full 
details of the processes involved can be found in appendix II. 
4.1. OS Mastermap Data 
The implementation of a digital base map in the form of an OS Mastermap data 
set (Ordinance Survey, 2004) obtained on an academic licence, negated the need 
for a traditional paper copy. The map acts as the foundation and starting point for 
the construction of the GIS database. 
Two processes were carried out. Firstly the conversion of the data to a form which 
is universally recognised by industry and academically standard GIS software and 
then loading the converted data in to Arc View© ((ESRI, 1999) and (2004)). And 
secondly from this the Ground Control Points (GCP) required for the 
Orthorectification stage of the methodology were obtained. 
4.2. Orthorectification 
The Orthorectification process is fundamentally the most important part of the 
methodology, as it allows the chemical photo prints obtained from the NFDC to 
be introduced in the GIS. The procedure basically assigns the scanned aerial 
photograph a coordinate system (namely the GB OS 1936). This coordinate 
system is the same used for all spatial geographic data within the UK. The 
resulting product from this process is an image that has all the distortion due to the 
flight altitude and angle corrected. All the procedures carried out in this Section 
were done in ENVI 4.1 (Research Systems, 2004). 
4.3. Georeferencing 
The product from the rectification process, along with the historical map data 
obtained from the OS digital archive, is then used to obtain the two fundamental 
parameters needed for the proceeding analytical techniques. 
• The cliff top 
• The cliff bottom (toe) 
The Georeferencing process involves the tracing of these features using 
Arc View© (ESRI, 2004). This generates a series of lines depicting the cliff top 
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and bottom. Each of these lines is constructed from a series of points, each with 
assigned coordinates which correspond to the UK OS 1936 coordinate system. 
4.4. Zone definition 
The calculation of the cumulative loss of material required the defining of a series 
of zones along the study area coastline. The zones were defined by observing 
areas of similar behaviour in terms of morphology and erosion rates obtained from 
the DSAS analysis. (See section 4.6) 
1. The first zone represents the area directly down drift from the strong point 
at Chewton Bunny, this being the area influenced by the waves refracted by 
the strong point. 
2. This zone represents the length of the coastline which simply sits between 
the initial set back next to the strong point and the theoretical longitudinal 
Section characteristically seen within a log spiral bay (as described in Section 
1.1.2.) 
3. This Section represents the longitudinal 'straight' Section found within a 
log spiral bay. 
4. This, the penultimate Section, represents the start of the curving round 
towards the tail of the embayment. 
5. The final Section represents the area neighbouring the eastern strong points 
within the study area. The regression is likely to be directly influenced by the 
close proximity of the hard engineering and slope re-profiling. 
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Figure 16: Analytical Zones of the Study Area. 
4.5. Recession Plots 
The calculation of the recession plots use the georeferenced cliff tops obtained 
from the georeferencing procedure. 
To observe the recession occurring within each zone, the area from the baseline to 
the cliff top for each year had to be measured (see Figure 16). Each area was 
represented as a polygon in ArcView© (ESRI, 2004). The software allowed the 
simple calculation of the area of each polygon. The subsequent data could then be 
plotted as a cumulative loss of material. 
4.6. DSAS 
The Digital Shoreline Analysis System (Thieler et al., 2003) was used to obtained 
rates of recession occurring across the study area. DSAS is a software extension 
that is used within ArcView (ESRI, 1999), it allows user defined tangents to be 
cast from a baseline at 90° which cross the georeferenced cliff top lines. Thus a 
plot can be produced showing the changing rate of recession across the entire 
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length of the study area. This software was initially designed to be used on the 
recession or progression of beaches, but it was easily adapted to be applied to the 
cliff top. 
4.7. Change in Slope Angle 
The georeferenced cliff top and bottom are then used to obtain the PO values 
which depict the change in slope angle. The calculation parameters were obtain by 
initially using the DSAS (Thieler et al., 2003) to work out the distance between 
the cliff top and bottom, and then manual readings of the DEM and contours on 
historical maps to obtain the height of the cliff top. Then using simply 
trigonometry the slope angle (pO) could be calculated. 
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Figure 19: Yearly Total rainfall (mm) recorded at Southampton: 1855 - 1999. 
Monthly Rainfall (mm) Recorded at Southampton In 1903 
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Figure 20; Monthly rainfall (mm) recorded at Southampton in 1903 
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Figure 25: Monthly rainfall (mm) recorded at Southampton and Hum in 1960 
From the data provided in Figures 19 though 25 it is clear that the significant rainfall 
was observed in October 1903, 1951 and 1960. In addition these periods of heavy 
rainfall occurred with significantly lower levels (on average 200mm lower) in the 
years before and after. 
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namely Barton (1984b) (specifically to the site) and Varnes (1978) (in a 
technical sense) that increased water levels in clay cliffs at Naish increases the 
mobilisation. Further analysis concludes that it is reasonable to assume that the 
steady increase in cumulative loss of material between 1891 and 1963 is 
largely controlled by the construction works of the Hengistbury Head long 
groyne. With the intention to recreate the protection that the Christchurch 
ledge gave the bay, the long groyne inhibited the quantity of sediment 
transport in to the bay, and thus saw depletion in the beaches. This in turn led 
to greater exposure of the cliff toes, leaving them more susceptible to erosion. 
The next significant event in the history of Christchurch Bay to directly affect 
the Naish Farm cliffs is the construction of sea defences and groyne fields at 
Highcliffe between 1965 and 1971. It is reasonable to attribute the increase in 
material loss between 1963 and 1975 to these engineering works. In a bid to 
control the longshore loss of beach material the Highcliffe works led to 
depletion in the Naish beach material, therefore leaving the cliffs exposed 
further to the wave attack. 
It is reasonable to theorise that an increase in the ferocity of the wave climate 
could have lead to the dramatic loss of material seen between 1963 and 1975. 
The refraction of the waves around the Chewton Bunny strong point (as 
mentioned in Section 1.1.2.) could have had a considerable affect. 
The relative calming in the loss of material seen beyond 1984 can largely been 
contributed to the re-profiling drainage and outfall work carried out at 
Chewton Bunny. 
6.1.2. Recession Data Area 2 (Figure 28) 
In direct comparison to the line plotted for Area 1, Area 2 takes on a far more 
gradual and consistent increase in cumulative loss of material. There appears 
to be no significant jump in the yearly material loss until 1963 where the 
Figure raises from 238 m^/yr to 500 m^/yr. From 1975 to 2002 the data plots a 
linear line with only a light increase in material lost in 1984. 
As mentioned in the previous Section the changes in amount of recession 
within the Naish farm cliffs can be attributed to the events which have taken 
place within Christchurch Bay. As with Area 1 the steady increase in the 
cumulative material lost can be attributed to the mining work carried out upon 
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the Christchurch ledge which reduced the protection the beaches had once 
experienced from the wave climate. Continuing from the observations 
mentioned for area 1 the 1965 to 1971 constructions along the Highcliffe 
Section of Christchurch Bay look at have a significant knock on effect. The 
sudden increase of recession seen from 1963 to 1975 suggests that the cliff 
were exposed to wave attack which could have activated further failure. As 
with Area 1 works around Chewton Bunny (including the outfall) look to have 
improved the stability of the cliffs by offering the Naish Farm Section of 
coastline some protection. Over all the observations made about Area 2 largely 
mirror those made about Area 1. 
6.1.3. Recession Data Area 3 (Figure 29) 
The data plot for the recession at area 3 continues many of the patterns seen 
within the previous two areas. There is a response to a change in conditions at 
the 1891, 1963 and 1971 data points similar to that seen in the previous data 
sets for Areas 1 and 2. 
As mentioned before it is reasonable to attribute these changes in the rate of 
the cumulative loss of material to the same events mentioned in the two 
previous Sections. There is a clear jump seen from the 1891 data point, this 
can be attributed to a number of factors, such as the continuing decline of 
beach material in response to the loss of the Christchurch ledge exposing the 
cliffs, and the sequence of years with significantly high precipitation (1891, 
1903 and 1914). The average yearly loss of material from the cliff top between 
1891 and 1908 of 588 m"/yr decreases to 255 mVyr between 1908 and 1963. 
This yearly rate of loss almost triples for 16 years between 1963 and 1979 
with a rate of 875 m^/yr. This dramatic increase can be attributed with 
confidence to the before mentioned constructions at Highcliffe. Following the 
work around Chewton Bunny the cumulative loss of material shows some 
relative stability. 
6.1.4. Recession Data Area 4 (Figure 30) 
Area 4 represents the penultimate area moving east. It is apparent from 
observations that there is an initial response from 1891 to 1908, the 
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Figure 26: Naish Farm Analytical Area Boundaries 
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Figure 28: Recession Data Area 2 
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6.2. Stage 2 Results 
6.2.1. DSAS 
The use of the Digital Shoreline Analysis System (Thieler et al., 2003), 
(detailed further in appendix III) allows the calculation of the rate of change 
along the cliff top of the study area. Figure 31 displays the results for the rate 
of change from 1975 to 2004, the distance west to east (left to right) is plotted 
against the change. The period 1975 - 2004 has been selected as it represents 
the period where the greatest amount of setback is expected. Due to the 
construction of the Highcliffe groyne fields and the Chewton Bunny strong 
point through the 1970s and 1980s. 
A best fit line has been plotted on the graph is figure 32 to display the 
generalised distribution. It is clear that a curve very similar to that produced by 
a log spiral has formed. The largest change in the cliff top is seen between the 
250m and 900m mark, beyond that it tails off eastward where there are areas 
of slope reprofiling. 
The areas running from 450 to 600 meters 800 to 850 meters show a decrease 
in change in cliff position. This is most probably due to areas of localised 
increased stability, seeing less failure at the cliff top. 
Therefore it is reasonable to conclude that the greatest rates of degradation of 
the cliffs are experienced from 250m and 900m. This can be explained by the 
refraction of the waves around the Chewton Bunny strong points, and the 
depletion of the beach material caused by the blockage of the littoral drift. 
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Figure 32: DSAS Cliff Top Rate of Change 
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6.3. Stage 3 Results Change in Cliff slope angle 
6.3.1. Change in Cliff slope angle; Area 1 (Figure 33) 
The data for the change in cliff slope angle for Area 1 shows an oscillating 
plot, with the angle falling between 17° and 13° until the 1963 data point 
where it rises to fall between 26° and 20°. 
Firstly it is important to recognise the reasons for the fall and rise of the slope 
angle. The slope angle is controlled by the distance between the cliff top and 
bottom. If the cliff bottom is closer to the top the cliff slope will be steeper 
giving a higher PO value and if the cliff bottom is further from the cliff top it 
will produce a lower (30 value. Though field observations it has been 
recognised that the cliff bottom alternates its position though slumping at the 
toe and erosion of the slumped features by the sea, which extend and retreat 
the cliff bottom respectively. 
The plot for Area 1 shows the cliff has experienced toe failures though the first 
3 data points. It is reasonable to assume that the increased yearly average 
precipitation during the 1891 to 1903 period, which was recognised in Section 
5, has mobilised the cUff greatly causing an extension in the toe. The cliff toe 
obviously shows signs of moving back then out again up to 1938 where there 
is a dramatic steepening. This indicates a significant amount of erosion. This 
correlates very well with the construction of sea defences and groyne fields at 
Highcliffe to the west of the study area. This suggests that the beach as been 
depleted of material allowing the wave action to attack the cliff toe more 
viciously. The subsequent slumping of the toe occurring between 1975 and 
1984 suggests that large south coast storms recorded in 1976 and 1980 
increased the wave height and energy and therefore induced toe failure. The 
final rise and fall of the plotted line shows a spell of erosion proceeded by a 
spell of failure, it is difficult to attribute this sequence to any particular event, 
but it goes to suggest that the erosion and consequent toe failure is a cyclic 
event. 
6.3.2. Change in Cliff slope angle: Area 2 (Figure 34) 
The initial observations of the area 2 plot show that there is a distinct 
oscillation depicting the cyclic events mentioned in the previous Section. 
There appears to be less variability in this plot with all the values falling 
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between 12° and 18°. Interestingly the majority of the significant changes in 
slope angle can be attributed to a particular event. 
The steepening of the slope, suggests an erosional event from 1872 to 1891, 
this ties in with the loss of the Christchurch ledge and the completion of the 
mining in 1870. The breaching of Hengistbury Head in 1880 suggests a more 
violent wave climate in the bay, which leads to increased erosion of the cliff 
toe. Following this there is a steep decrease in the slope angle, which indicates 
a period of toe movement/failure. The timing of this movement correlates with 
the period of increased precipitation seen between 1891 and 1903. This 
strongly suggests that an influx of water into the cliffs over these years 
reduced the stability. The erosional period observed to follow between 1903 
and 1938 can be attributed to the continuing effects due to the loss of the 
Christchurch ledge. The steepening period from 1963 to 2002 indicates the 
cliff toe experiencing a erosional period. Three important occurrences within 
the bay can be identified to help explain this occurrence. Firstly the 
construction of defences at Highcliffe in 1965 contributed to helping the 
depletion of the Naish Farm beaches and thus exposing the cliff to the sea. 
Secondly two large storms occurring in 1976 and 1980 increased the average 
wave height for a period sufficient enough to greatly degrade the cliffs. And 
lastly, additional work at Chewton Bunny has the potential to limit the amount 
of beach material that has been brought into the site. Despite the overall 
increase in slope steepness over the final 30 years of the data set a cyclic 
motion of steepening and failure can still be observed. This suggests that the 
cliff slope will reach a critical steepness before failure is invertible. 
6.3.3. Change in Cliff slope angle: Area 3 (Figure 35) 
The general form of this plot shows a very similar shape to that seen for area 
2, which no real surprise as they share very similar conditions. 
Both the erosion features resulting from the Hengistbury Head mining and the 
toe extension though the increased precipitation from 1891 to 1903 identified 
in the data set for Area 2 can be seen in Area 3. In addition to the similarities 
with Area 2 an overall increase can be seen over the final 30 years of the data 
set. Again it would not be inaccurate to attribute this pattern to the engineering 
works at Highcliffe and Chewton Bunny to reducing the beach material on the 
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Study area, and therefore exposing the cliffs to wave erosion. The cyclic 
pattern of the data observed in the previous areas continues in Area 3. 
6.3.4. Change in Cliff slope angle: Area 4 (Figure 36) 
The data plot for Area 4 on initial impressions shows a very similar pattern to 
that seen in the 3 previous Sections. There is a dramatic steepening then 
shallowing of the cliff slope angle, which can be attributed again to the effects 
of the Hengistbury Head mining and then the period of increased precipitation 
respectively. The gradual steepening seen from 1963 to 2002 in all the 
previous areas is present here, although it shows a far more linear progression. 
This anomaly can be easily explained as the eastern extents of the study area 
have been subject to slope re-profiling and remedial works. 
6.3.5. Change in Cliff slope angle: Area 5 (Figure 37) 
The data for Area 5 shows very similar features to that of Area 4. As with all 
the data sets there is an easily recognisable steep increase in slope angle and 
then a proceeding lessening. This is recognised as the cliff reactions to the 
Hengistbury Head mining and periods of excessive precipitation. 
Following this is a period of cyclic steepening and shallowing of the cliff 
angle. The data for the final 30 years is of no use, as engineering works mean 
that there is no change in the slope angle. 
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6.4. Stage 4 Results: Shape of bay development 
6.4.1. Cliff Top (See figure 57 appendix V) 
The southern most line depicts the position of the cliff top in 1872. The 
geometry of the line is mostly horizontal, curving can be observed towards the 
eastern and western flanks. Despite being set back around 25 metres from the 
1872 position the 1898 cliff top mirrors the geometry. This trend continues 
back to the 1963 cliff top line. Beyond this some major changes appear to 
occur. A greater set back can be clearly observed directly down drift from 
Chewton bunny. It was from the 1960 period that the groyne fields and 
associated coastal engineering works commenced. Their construction can be 
seen to change the morphology of the Naish Farm site, creating set back 
producing what could be classed as an early stage crenulate bay. The closer 
proximity of the cliff top positions for the final 20 years of the data shows a 
slow in the rate of erosion. It is reasonable to assume that the extension of 
Chewton Bunny provides some kind of protection. 
The eastern extents of the site over time show very little change in strike 
(bearing to north) and only change in southern extent. This suggests that the 
western extents of the site experience more intense erosion creating the set 
back. 
A comparison between the trend line resulting from the DSAS data processing 
technique (figure 32) and the shape of the cliff top from 1975 to 2002 shows 
some correlation. A greater set back immediately adjacent to the Chewton 
Bunny strong point can be observed through this time period. 
6.4.2. Chff bottom (See figure 58 appendix V) 
As with the plot for the cliff top the southern most (bottom) line is 1872. This 
plots a horizontal line, this suggests uniform erosion of the cliff toe. The 
erosion sets the subsequent years back by on average 15 metres. Each year 
mirrors the geometry seen in 1872. It is clear that the cHff bottom orientation 
is not effected by the set back and crenulate bay shape which dominates the 
cliff top erosion. The shape of the cliff bottom looks to be controlled largely 
by the landslides occurring within the chff, as localised large scale slumps can 
change the shape of bay greatly. 
12-r^rqijhmrson 
SijUy iX Coaatino 'leoe^wcn ckw-i orlM 
OfChw.cn Uuny GTiiilchurcrBay 
6.5. Stage 5: Geomorphological analysis 
6.5.1. Geomorphological maps 
To allow for a thorough geomorphological appraisal of the study area it is 
important to fully recognise the main features resulting from the movement 
occurring across the F, D and, A3 benches in addition to this it is important to 
appreciate the temporal changes. The layouts found in appendix VI (labelled 
Figures 59 - 62) depict the study area from an aerial view. The dates 1975, 
1979, 1984, 1989, 1994, 1999 and 2002 are used. Each year has the most 
significant features in the cliff highlighted by standard geomorphological 
features. The features come in the form of breaks and changes in slope which 
make up the benched appearance of the cliffs. 
(NOTE all reference of distances from cliff top or the beach, are 'as the crow 
flies' and to not take into consideration the change in elevation.) 
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1.2.6. Hydrogeology 
Numerous investigations through piezometric measurements made in 
standpipes have been conducted across the Naish farm site. Barton (1973) 
describes the initial observations. 
The 3 permeable beds within the Naish Farm sequence are the Mudeford 
Sands, the Highcliffe Sands, and the Plateau Gravels. 
The layer of Mudeford Sand act as a controlling influence, it prevents the 
build up of hydrostatic pore pressures. Therefore it would not be uncommon 
for the development of mudflows above this layer; they would be mobilized 
by the outflow from the sand. 
Piezometer readings for the Highcliffe Sands show pressure heads of 5 - 11m 
above the base of the A3 layer, the low thickness of this layer causes small 
outflow. Therefore it is expected that mudflows would not be experienced, 
although the build up of high pressure heads has the potential to increase 
mobilisation. 
The Plateau Gravels show a number of 'discrete, but extensive, sub-surface 
reservoirs with pressure heads up to 2m at the Barton Clay surface' (Barton, 
1973). 
Gravel talus in the slipped debris has high permeability, causing perched water 
storage. This contributes to the factors mobilising material towards the base of 
the cliff formation. 
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1.2.7. Offshore sediment movement. 
In addition to an extensive analysis of the cliff geomorphology and coasthne 
morphology changes, it is important to consider the role of the sediment 
budget and transport within Christchurch Bay. 
Bray et al (1995) examined the littoral cell definition and budgets for central 
southern England. Their work involved pulling together a number of 
resources, namely papers by Henderson (1979) and Lacey (1985) who looked 
into the effects of wave refraction, Nicholls (1985) who looked at aluminium 
pebble tracer experiments as part of his work on Hurst spit, and Nicholls & 
Webber (1987) who worked on sediment budget computations based on 
historical coastal change. 
Figure 11 shows the amalgamation of the material used by Bray et al (1995). 
Christchurch Bay can be observed to have a clockwise net sediment direction. 
The net littoral drift (represented by 'LT' in Figure 11) takes the material 
eastward towards Hurst Spit (Bray et al., 1995). Interruptions in this direction 
can be observed at Hordle with the formation of a cusp ate foreland. Bray et al 
(1995) also recognises that the proportion of sand on beaches declines sharply 
from west to east, suggesting that 'fines supplied from the eroding cliffs are 
progressively winnowed offshore'. Material reaching Hurst Spit is 
consequently lost offshore through the estuarine sediment transport. 
The site of Chewton Bunny is depicted by the red number 6 in Figure 11. 
There are three primary types of sediment movements recognised. 
1. Gravel, clay and sand from cliff erosion, with a volume of >20,000 
m^ a'\ The reliability of the information is described as medium. 
2. Gravel, clay and sand in littoral (beach) drift, with a volume of 
10,000 - 20,000 m^ a'\ The reliability of the information is 
described as high. 
3. Sand in onshore to offshore sediment transport. There is no 
quantative data available here, but the information is considered to 
be a source of medium reliability. 
The Naish Farm cliffs dominate the eroded cliff material input to Christchurch 
Bay's sediment budget, due to it exposed nature. Despite this. Bray at al 
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Section 1.2.8. touched on the global scenarios regarding climate change, but it 
is important to bring this down to a regional scale and look at the impacts it 
will have on the south east and namely the study area of Naish Farm in Dorset. 
This will be done with the aid of the 'impacts of climate change in the South 
East in the 21^' Century' technical report (Wade et al., 1999). 
Through the models run by the UKCIP report there are a number of stark 
Figures regarding the climatic conditions in the south east by 2080. 
Of significant note are the following 
• Spring season temperatures rising by 2.6 °C 
• Summer and Autumn rising by 2.7-3.6 °C 
• Mean annual rainfall increase by 2 - 5 % 
• Increase of 20% winter rainfall 
• Decrease of 16 - 24 % of summer rainfall 
• Increase of 16 - 23 % in potential evaporation 
• Increase in daily rainfall intensity 
• Doubled frequency of 25 - 30 mm rainfalls 
Inevitably there is going to be greater variability in the weather. Due to 
increasing summer temperatures there will be increased storms with heavier 
rain, having the potential to mobilise areas of coastal cliff instability with a 
sudden influx in water. Similarly the increased winter precipitation will 
increase the water held within coastal cliff environments, causing more 
movement. (These geomorphological scenarios will be looked at in more 
detail in Section 6.5) 
1.2.11. Extreme sea levels 
The potential for extreme events causing more frequent localised rises in sea 
level is a realistic scenario to consider. Of these the storm surge poses the 
greatest threat to the British Isles. Storm surges are defined as 'a temporary 
increase in sea level, above the level of the astronomical tide, caused by low 
atmospheric pressure and strong winds' (Hulme et al., 2002). Occurring 
primarily in shallow water, such as continental shelf, storm surges pose a 
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significant threat when occurring during high tide, further funnelling effects of 
the coastline morphology can increase the surge height. 
Figure 15 depicts the three emission scenarios effect on the potential height of 
a 50 year return period storm surge. The model used to generate the Figures 
considered the effect of global sea level rise, storminess changes and vertical 
land movements. It is clear from Figure 15 that the greatest heights are seen on 
the eastern side of southern England, occurring around the Kent and Essex 
coastal regions. It is important to note the increases in sea level height 
occurring around the study area on the south central coast of England. The 
medium to high and high emission scenarios cause the greatest sea level rise 
with an increase of 0.4 to Im during a storm surge. 
U-' 
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2. Project definition 
This dissertation will undertake the study and analysis of the effect of downdrift 
erosion from a strong point upon a delicate cliff line of soft rock of Tertiary age. 
The following Sections will detail the results and observations obtained through the 
GIS methodology and the geomorphological appraisals. 
The project will look to identify the primary controlling factor upon the development 
of the bay formation within the Naish farm study area and the how these factors effect 
the change in morphology of the cliffs and the type of failure observed. 
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For the purpose of this project the following maps were chosen to be used. 
° 
" 1898 
o 1908 
° 1938 
" 1963 
This decision was made as they ran from the earliest possible available date to 
the date of the first aerial photograph used. Therefore giving (on average) a 
data set every 27.75 years prior to the introduction of the photographs. 
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4. Methodology 
Figure 17 depicts the linkages between different aspects of the methodology. Full 
details of the processes involved can be found in appendix II. 
4.1. OS Mastermap Data 
The implementation of a digital base map in the form of an OS Mastermap data 
set (Ordinance Survey, 2004) obtained on an academic licence, negated the need 
for a traditional paper copy. The map acts as the foundation and starting point for 
the construction of the GIS database. 
Two processes were carried out. Firstly the conversion of the data to a form which 
is universally recognised by industry and academically standard GIS software and 
then loading the converted data in to Arc View© ((ESRI, 1999) and (2004)). And 
secondly from this the Ground Control Points (GCP) required for the 
Orthorectification stage of the methodology were obtained. 
4.2. Orthorectification 
The Orthorectification process is fundamentally the most important part of the 
methodology, as it allows the chemical photo prints obtained from the NFDC to 
be introduced in the GIS. The procedure basically assigns the scanned aerial 
photograph a coordinate system (namely the GB OS 1936). This coordinate 
system is the same used for all spatial geographic data within the UK. The 
resulting product from this process is an image that has all the distortion due to the 
flight altitude and angle corrected. All the procedures carried out in this Section 
were done in ENVI 4.1 (Research Systems, 2004). 
4.3. Georeferencing 
The product from the rectification process, along with the historical map data 
obtained from the OS digital archive, is then used to obtain the two fundamental 
parameters needed for the proceeding analytical techniques. 
• The cliff top 
• The cliff bottom (toe) 
The Georeferencing process involves the tracing of these features using 
Arc View© (ESRI, 2004). This generates a series of lines depicting the cliff top 
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and bottom. Each of these lines is constructed from a series of points, each with 
assigned coordinates which correspond to the UK OS 1936 coordinate system. 
4.4. Zone definition 
The calculation of the cumulative loss of material required the defining of a series 
of zones along the study area coastline. The zones were defined by observing 
areas of similar behaviour in terms of morphology and erosion rates obtained from 
the DSAS analysis. (See section 4.6) 
1. The first zone represents the area directly down drift from the strong point 
at Chewton Bunny, this being the area influenced by the waves refracted by 
the strong point. 
2. This zone represents the length of the coastline which simply sits between 
the initial set back next to the strong point and the theoretical longitudinal 
Section characteristically seen within a log spiral bay (as described in Section 
1.1.2.) 
3. This Section represents the longitudinal 'straight' Section found within a 
log spiral bay. 
4. This, the penultimate Section, represents the start of the curving round 
towards the tail of the embayment. 
5. The final Section represents the area neighbouring the eastern strong points 
within the study area. The regression is likely to be directly influenced by the 
close proximity of the hard engineering and slope re-profiling. 
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length of the study area. This software was initially designed to be used on the 
recession or progression of beaches, but it was easily adapted to be applied to the 
cliff top. 
4.7. Change in Slope Angle 
The georeferenced cliff top and bottom are then used to obtain the PO values 
which depict the change in slope angle. The calculation parameters were obtain by 
initially using the DSAS (Thieler et al., 2003) to work out the distance between 
the cliff top and bottom, and then manual readings of the DEM and contours on 
historical maps to obtain the height of the cliff top. Then using simply 
trigonometry the slope angle (pO) could be calculated. 
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namely Barton (1984b) (specifically to the site) and Varnes (1978) (in a 
technical sense) that increased water levels in clay cliffs at Naish increases the 
mobilisation. Further analysis concludes that it is reasonable to assume that the 
steady increase in cumulative loss of material between 1891 and 1963 is 
largely controlled by the construction works of the Hengistbury Head long 
groyne. With the intention to recreate the protection that the Christchurch 
ledge gave the bay, the long groyne inhibited the quantity of sediment 
transport in to the bay, and thus saw depletion in the beaches. This in turn led 
to greater exposure of the cliff toes, leaving them more susceptible to erosion. 
The next significant event in the history of Christchurch Bay to directly affect 
the Naish Farm cliffs is the construction of sea defences and groyne fields at 
Highcliffe between 1965 and 1971. It is reasonable to attribute the increase in 
material loss between 1963 and 1975 to these engineering works. In a bid to 
control the longshore loss of beach material the Highcliffe works led to 
depletion in the Naish beach material, therefore leaving the cliffs exposed 
further to the wave attack. 
It is reasonable to theorise that an increase in the ferocity of the wave climate 
could have lead to the dramatic loss of material seen between 1963 and 1975. 
The refraction of the waves around the Chewton Bunny strong point (as 
mentioned in Section 1.1.2.) could have had a considerable affect. 
The relative calming in the loss of material seen beyond 1984 can largely been 
contributed to the re-profiling drainage and outfall work carried out at 
Chewton Bunny. 
6.1.2. Recession Data Area 2 (Figure 28) 
In direct comparison to the line plotted for Area 1, Area 2 takes on a far more 
gradual and consistent increase in cumulative loss of material. There appears 
to be no significant jump in the yearly material loss until 1963 where the 
Figure raises from 238 m^/yr to 500 m^/yr. From 1975 to 2002 the data plots a 
linear line with only a light increase in material lost in 1984. 
As mentioned in the previous Section the changes in amount of recession 
within the Naish farm cliffs can be attributed to the events which have taken 
place within Christchurch Bay. As with Area 1 the steady increase in the 
cumulative material lost can be attributed to the mining work carried out upon 
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the Christchurch ledge which reduced the protection the beaches had once 
experienced from the wave climate. Continuing from the observations 
mentioned for area 1 the 1965 to 1971 constructions along the Highcliffe 
Section of Christchurch Bay look at have a significant knock on effect. The 
sudden increase of recession seen from 1963 to 1975 suggests that the cliff 
were exposed to wave attack which could have activated further failure. As 
with Area 1 works around Chewton Bunny (including the outfall) look to have 
improved the stability of the cliffs by offering the Naish Farm Section of 
coastline some protection. Over all the observations made about Area 2 largely 
mirror those made about Area 1. 
6.1.3. Recession Data Area 3 (Figure 29) 
The data plot for the recession at area 3 continues many of the patterns seen 
within the previous two areas. There is a response to a change in conditions at 
the 1891, 1963 and 1971 data points similar to that seen in the previous data 
sets for Areas 1 and 2. 
As mentioned before it is reasonable to attribute these changes in the rate of 
the cumulative loss of material to the same events mentioned in the two 
previous Sections. There is a clear jump seen from the 1891 data point, this 
can be attributed to a number of factors, such as the continuing decline of 
beach material in response to the loss of the Christchurch ledge exposing the 
cliffs, and the sequence of years with significantly high precipitation (1891, 
1903 and 1914). The average yearly loss of material from the cliff top between 
1891 and 1908 of 588 m"/yr decreases to 255 mVyr between 1908 and 1963. 
This yearly rate of loss almost triples for 16 years between 1963 and 1979 
with a rate of 875 m^/yr. This dramatic increase can be attributed with 
confidence to the before mentioned constructions at Highcliffe. Following the 
work around Chewton Bunny the cumulative loss of material shows some 
relative stability. 
6.1.4. Recession Data Area 4 (Figure 30) 
Area 4 represents the penultimate area moving east. It is apparent from 
observations that there is an initial response from 1891 to 1908, the 
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6.2. Stage 2 Results 
6.2.1. DSAS 
The use of the Digital Shoreline Analysis System (Thieler et al., 2003), 
(detailed further in appendix III) allows the calculation of the rate of change 
along the cliff top of the study area. Figure 31 displays the results for the rate 
of change from 1975 to 2004, the distance west to east (left to right) is plotted 
against the change. The period 1975 - 2004 has been selected as it represents 
the period where the greatest amount of setback is expected. Due to the 
construction of the Highcliffe groyne fields and the Chewton Bunny strong 
point through the 1970s and 1980s. 
A best fit line has been plotted on the graph is figure 32 to display the 
generalised distribution. It is clear that a curve very similar to that produced by 
a log spiral has formed. The largest change in the cliff top is seen between the 
250m and 900m mark, beyond that it tails off eastward where there are areas 
of slope reprofiling. 
The areas running from 450 to 600 meters 800 to 850 meters show a decrease 
in change in cliff position. This is most probably due to areas of localised 
increased stability, seeing less failure at the cliff top. 
Therefore it is reasonable to conclude that the greatest rates of degradation of 
the cliffs are experienced from 250m and 900m. This can be explained by the 
refraction of the waves around the Chewton Bunny strong points, and the 
depletion of the beach material caused by the blockage of the littoral drift. 
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6.3. Stage 3 Results Change in Cliff slope angle 
6.3.1. Change in Cliff slope angle; Area 1 (Figure 33) 
The data for the change in cliff slope angle for Area 1 shows an oscillating 
plot, with the angle falling between 17° and 13° until the 1963 data point 
where it rises to fall between 26° and 20°. 
Firstly it is important to recognise the reasons for the fall and rise of the slope 
angle. The slope angle is controlled by the distance between the cliff top and 
bottom. If the cliff bottom is closer to the top the cliff slope will be steeper 
giving a higher PO value and if the cliff bottom is further from the cliff top it 
will produce a lower (30 value. Though field observations it has been 
recognised that the cliff bottom alternates its position though slumping at the 
toe and erosion of the slumped features by the sea, which extend and retreat 
the cliff bottom respectively. 
The plot for Area 1 shows the cliff has experienced toe failures though the first 
3 data points. It is reasonable to assume that the increased yearly average 
precipitation during the 1891 to 1903 period, which was recognised in Section 
5, has mobilised the cUff greatly causing an extension in the toe. The cliff toe 
obviously shows signs of moving back then out again up to 1938 where there 
is a dramatic steepening. This indicates a significant amount of erosion. This 
correlates very well with the construction of sea defences and groyne fields at 
Highcliffe to the west of the study area. This suggests that the beach as been 
depleted of material allowing the wave action to attack the cliff toe more 
viciously. The subsequent slumping of the toe occurring between 1975 and 
1984 suggests that large south coast storms recorded in 1976 and 1980 
increased the wave height and energy and therefore induced toe failure. The 
final rise and fall of the plotted line shows a spell of erosion proceeded by a 
spell of failure, it is difficult to attribute this sequence to any particular event, 
but it goes to suggest that the erosion and consequent toe failure is a cyclic 
event. 
6.3.2. Change in Cliff slope angle: Area 2 (Figure 34) 
The initial observations of the area 2 plot show that there is a distinct 
oscillation depicting the cyclic events mentioned in the previous Section. 
There appears to be less variability in this plot with all the values falling 
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between 12° and 18°. Interestingly the majority of the significant changes in 
slope angle can be attributed to a particular event. 
The steepening of the slope, suggests an erosional event from 1872 to 1891, 
this ties in with the loss of the Christchurch ledge and the completion of the 
mining in 1870. The breaching of Hengistbury Head in 1880 suggests a more 
violent wave climate in the bay, which leads to increased erosion of the cliff 
toe. Following this there is a steep decrease in the slope angle, which indicates 
a period of toe movement/failure. The timing of this movement correlates with 
the period of increased precipitation seen between 1891 and 1903. This 
strongly suggests that an influx of water into the cliffs over these years 
reduced the stability. The erosional period observed to follow between 1903 
and 1938 can be attributed to the continuing effects due to the loss of the 
Christchurch ledge. The steepening period from 1963 to 2002 indicates the 
cliff toe experiencing a erosional period. Three important occurrences within 
the bay can be identified to help explain this occurrence. Firstly the 
construction of defences at Highcliffe in 1965 contributed to helping the 
depletion of the Naish Farm beaches and thus exposing the cliff to the sea. 
Secondly two large storms occurring in 1976 and 1980 increased the average 
wave height for a period sufficient enough to greatly degrade the cliffs. And 
lastly, additional work at Chewton Bunny has the potential to limit the amount 
of beach material that has been brought into the site. Despite the overall 
increase in slope steepness over the final 30 years of the data set a cyclic 
motion of steepening and failure can still be observed. This suggests that the 
cliff slope will reach a critical steepness before failure is invertible. 
6.3.3. Change in Cliff slope angle: Area 3 (Figure 35) 
The general form of this plot shows a very similar shape to that seen for area 
2, which no real surprise as they share very similar conditions. 
Both the erosion features resulting from the Hengistbury Head mining and the 
toe extension though the increased precipitation from 1891 to 1903 identified 
in the data set for Area 2 can be seen in Area 3. In addition to the similarities 
with Area 2 an overall increase can be seen over the final 30 years of the data 
set. Again it would not be inaccurate to attribute this pattern to the engineering 
works at Highcliffe and Chewton Bunny to reducing the beach material on the 
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Study area, and therefore exposing the cliffs to wave erosion. The cyclic 
pattern of the data observed in the previous areas continues in Area 3. 
6.3.4. Change in Cliff slope angle: Area 4 (Figure 36) 
The data plot for Area 4 on initial impressions shows a very similar pattern to 
that seen in the 3 previous Sections. There is a dramatic steepening then 
shallowing of the cliff slope angle, which can be attributed again to the effects 
of the Hengistbury Head mining and then the period of increased precipitation 
respectively. The gradual steepening seen from 1963 to 2002 in all the 
previous areas is present here, although it shows a far more linear progression. 
This anomaly can be easily explained as the eastern extents of the study area 
have been subject to slope re-profiling and remedial works. 
6.3.5. Change in Cliff slope angle: Area 5 (Figure 37) 
The data for Area 5 shows very similar features to that of Area 4. As with all 
the data sets there is an easily recognisable steep increase in slope angle and 
then a proceeding lessening. This is recognised as the cliff reactions to the 
Hengistbury Head mining and periods of excessive precipitation. 
Following this is a period of cyclic steepening and shallowing of the cliff 
angle. The data for the final 30 years is of no use, as engineering works mean 
that there is no change in the slope angle. 
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6.4. Stage 4 Results: Shape of bay development 
6.4.1. Cliff Top (See figure 57 appendix V) 
The southern most line depicts the position of the cliff top in 1872. The 
geometry of the line is mostly horizontal, curving can be observed towards the 
eastern and western flanks. Despite being set back around 25 metres from the 
1872 position the 1898 cliff top mirrors the geometry. This trend continues 
back to the 1963 cliff top line. Beyond this some major changes appear to 
occur. A greater set back can be clearly observed directly down drift from 
Chewton bunny. It was from the 1960 period that the groyne fields and 
associated coastal engineering works commenced. Their construction can be 
seen to change the morphology of the Naish Farm site, creating set back 
producing what could be classed as an early stage crenulate bay. The closer 
proximity of the cliff top positions for the final 20 years of the data shows a 
slow in the rate of erosion. It is reasonable to assume that the extension of 
Chewton Bunny provides some kind of protection. 
The eastern extents of the site over time show very little change in strike 
(bearing to north) and only change in southern extent. This suggests that the 
western extents of the site experience more intense erosion creating the set 
back. 
A comparison between the trend line resulting from the DSAS data processing 
technique (figure 32) and the shape of the cliff top from 1975 to 2002 shows 
some correlation. A greater set back immediately adjacent to the Chewton 
Bunny strong point can be observed through this time period. 
6.4.2. Chff bottom (See figure 58 appendix V) 
As with the plot for the cliff top the southern most (bottom) line is 1872. This 
plots a horizontal line, this suggests uniform erosion of the cliff toe. The 
erosion sets the subsequent years back by on average 15 metres. Each year 
mirrors the geometry seen in 1872. It is clear that the cHff bottom orientation 
is not effected by the set back and crenulate bay shape which dominates the 
cliff top erosion. The shape of the cliff bottom looks to be controlled largely 
by the landslides occurring within the chff, as localised large scale slumps can 
change the shape of bay greatly. 
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6.5. Stage 5: Geomorphological analysis 
6.5.1. Geomorphological maps 
To allow for a thorough geomorphological appraisal of the study area it is 
important to fully recognise the main features resulting from the movement 
occurring across the F, D and, A3 benches in addition to this it is important to 
appreciate the temporal changes. The layouts found in appendix VI (labelled 
Figures 59 - 62) depict the study area from an aerial view. The dates 1975, 
1979, 1984, 1989, 1994, 1999 and 2002 are used. Each year has the most 
significant features in the cliff highlighted by standard geomorphological 
features. The features come in the form of breaks and changes in slope which 
make up the benched appearance of the cliffs. 
(NOTE all reference of distances from cliff top or the beach, are 'as the crow 
flies' and to not take into consideration the change in elevation.) 
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6.5.2.2. 1979 (Figure 59) 
(Not Covered by aerial photography) 
6.5.2.3.1984 (Figure 60) 
9 years post 1975 the A3 bench shows a similar morphology in 1984. The 
cliff itself has recessed around 10 meters but the cliff failure mechanisms 
appear to have produced a very similar size failure. The bench runs for 206 
meters eastward from the western extent of the site of Chewton Bunny. As 
seen with the 1975 data there is water induced movement in the form of 
mud slides and runs at the eastern extent of the bench, these obscure parts 
of the bench and any possible exposures of the shear surface. 
6.5.2.4.1989 (Figure 60) 
The A3 bench shows very similar geomorphological characteristics to that 
seen in the previous years. Running for 260 meters east from Chewton 
bunny, the bench sits 16 meters from the beach. The accumulated water 
channelled by the cliff geomorphology has caused the occurrence of mud 
slides on the eastern extent of the A3 bench. This repeated feature suggests 
a predominate lithologically controlled feature, as the water is channelled 
in a defined direction, rather than a feature solely controlled by occasional 
'flashy' periods of rainfall. 
6.5.2.5.1994 (Figure 61) 
The 'A3' bench was particularly difficult to pick out due to the relatively 
low activity occurring across the western side of the study area. Despite 
this the A3 bench can be seen to run for 150 meters eastwards 13 meters 
from the beach. 
6.5.2.6.1999 (Figure 61) 
There is no defined appearance of the 'A3' bench with in the cliffs for 
1999. It is generally accepted through numerous literature resources, 
including Barton (1973), That the 'A3' bench is found in immediately to 
the east of Chewton bunny before it drops below the beach level. But due 
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6.5. Stage 5: Geomorphological analysis 
6.5.1. Geomorphological maps 
To allow for a thorough geomorphological appraisal of the study area it is 
important to fully recognise the main features resulting from the movement 
occurring across the F, D and, A3 benches in addition to this it is important to 
appreciate the temporal changes. The layouts found in appendix VI (labelled 
Figures 59 - 62) depict the study area from an aerial view. The dates 1975, 
1979, 1984, 1989, 1994, 1999 and 2002 are used. Each year has the most 
significant features in the cliff highlighted by standard geomorphological 
features. The features come in the form of breaks and changes in slope which 
make up the benched appearance of the cliffs. 
(NOTE all reference of distances from cliff top or the beach, are 'as the crow 
flies' and to not take into consideration the change in elevation.) 
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1.2.6. Hydrogeology 
Numerous investigations through piezometric measurements made in 
standpipes have been conducted across the Naish farm site. Barton (1973) 
describes the initial observations. 
The 3 permeable beds within the Naish Farm sequence are the Mudeford 
Sands, the Highcliffe Sands, and the Plateau Gravels. 
The layer of Mudeford Sand act as a controlling influence, it prevents the 
build up of hydrostatic pore pressures. Therefore it would not be uncommon 
for the development of mudflows above this layer; they would be mobilized 
by the outflow from the sand. 
Piezometer readings for the Highcliffe Sands show pressure heads of 5 - 11m 
above the base of the A3 layer, the low thickness of this layer causes small 
outflow. Therefore it is expected that mudflows would not be experienced, 
although the build up of high pressure heads has the potential to increase 
mobilisation. 
The Plateau Gravels show a number of 'discrete, but extensive, sub-surface 
reservoirs with pressure heads up to 2m at the Barton Clay surface' (Barton, 
1973). 
Gravel talus in the slipped debris has high permeability, causing perched water 
storage. This contributes to the factors mobilising material towards the base of 
the cliff formation. 
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6.5. Stage 5: Geomorphological analysis 
6.5.1. Geomorphological maps 
To allow for a thorough geomorphological appraisal of the study area it is 
important to fully recognise the main features resulting from the movement 
occurring across the F, D and, A3 benches in addition to this it is important to 
appreciate the temporal changes. The layouts found in appendix VI (labelled 
Figures 59 - 62) depict the study area from an aerial view. The dates 1975, 
1979, 1984, 1989, 1994, 1999 and 2002 are used. Each year has the most 
significant features in the cliff highlighted by standard geomorphological 
features. The features come in the form of breaks and changes in slope which 
make up the benched appearance of the cliffs. 
(NOTE all reference of distances from cliff top or the beach, are 'as the crow 
flies' and to not take into consideration the change in elevation.) 
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1.2.6. Hydrogeology 
Numerous investigations through piezometric measurements made in 
standpipes have been conducted across the Naish farm site. Barton (1973) 
describes the initial observations. 
The 3 permeable beds within the Naish Farm sequence are the Mudeford 
Sands, the Highcliffe Sands, and the Plateau Gravels. 
The layer of Mudeford Sand act as a controlling influence, it prevents the 
build up of hydrostatic pore pressures. Therefore it would not be uncommon 
for the development of mudflows above this layer; they would be mobilized 
by the outflow from the sand. 
Piezometer readings for the Highcliffe Sands show pressure heads of 5 - 11m 
above the base of the A3 layer, the low thickness of this layer causes small 
outflow. Therefore it is expected that mudflows would not be experienced, 
although the build up of high pressure heads has the potential to increase 
mobilisation. 
The Plateau Gravels show a number of 'discrete, but extensive, sub-surface 
reservoirs with pressure heads up to 2m at the Barton Clay surface' (Barton, 
1973). 
Gravel talus in the slipped debris has high permeability, causing perched water 
storage. This contributes to the factors mobilising material towards the base of 
the cliff formation. 
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1.2.7. Offshore sediment movement. 
In addition to an extensive analysis of the cliff geomorphology and coasthne 
morphology changes, it is important to consider the role of the sediment 
budget and transport within Christchurch Bay. 
Bray et al (1995) examined the littoral cell definition and budgets for central 
southern England. Their work involved pulling together a number of 
resources, namely papers by Henderson (1979) and Lacey (1985) who looked 
into the effects of wave refraction, Nicholls (1985) who looked at aluminium 
pebble tracer experiments as part of his work on Hurst spit, and Nicholls & 
Webber (1987) who worked on sediment budget computations based on 
historical coastal change. 
Figure 11 shows the amalgamation of the material used by Bray et al (1995). 
Christchurch Bay can be observed to have a clockwise net sediment direction. 
The net littoral drift (represented by 'LT' in Figure 11) takes the material 
eastward towards Hurst Spit (Bray et al., 1995). Interruptions in this direction 
can be observed at Hordle with the formation of a cusp ate foreland. Bray et al 
(1995) also recognises that the proportion of sand on beaches declines sharply 
from west to east, suggesting that 'fines supplied from the eroding cliffs are 
progressively winnowed offshore'. Material reaching Hurst Spit is 
consequently lost offshore through the estuarine sediment transport. 
The site of Chewton Bunny is depicted by the red number 6 in Figure 11. 
There are three primary types of sediment movements recognised. 
1. Gravel, clay and sand from cliff erosion, with a volume of >20,000 
m^ a'\ The reliability of the information is described as medium. 
2. Gravel, clay and sand in littoral (beach) drift, with a volume of 
10,000 - 20,000 m^ a'\ The reliability of the information is 
described as high. 
3. Sand in onshore to offshore sediment transport. There is no 
quantative data available here, but the information is considered to 
be a source of medium reliability. 
The Naish Farm cliffs dominate the eroded cliff material input to Christchurch 
Bay's sediment budget, due to it exposed nature. Despite this. Bray at al 
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Section 1.2.8. touched on the global scenarios regarding climate change, but it 
is important to bring this down to a regional scale and look at the impacts it 
will have on the south east and namely the study area of Naish Farm in Dorset. 
This will be done with the aid of the 'impacts of climate change in the South 
East in the 21^' Century' technical report (Wade et al., 1999). 
Through the models run by the UKCIP report there are a number of stark 
Figures regarding the climatic conditions in the south east by 2080. 
Of significant note are the following 
• Spring season temperatures rising by 2.6 °C 
• Summer and Autumn rising by 2.7-3.6 °C 
• Mean annual rainfall increase by 2 - 5 % 
• Increase of 20% winter rainfall 
• Decrease of 16 - 24 % of summer rainfall 
• Increase of 16 - 23 % in potential evaporation 
• Increase in daily rainfall intensity 
• Doubled frequency of 25 - 30 mm rainfalls 
Inevitably there is going to be greater variability in the weather. Due to 
increasing summer temperatures there will be increased storms with heavier 
rain, having the potential to mobilise areas of coastal cliff instability with a 
sudden influx in water. Similarly the increased winter precipitation will 
increase the water held within coastal cliff environments, causing more 
movement. (These geomorphological scenarios will be looked at in more 
detail in Section 6.5) 
1.2.11. Extreme sea levels 
The potential for extreme events causing more frequent localised rises in sea 
level is a realistic scenario to consider. Of these the storm surge poses the 
greatest threat to the British Isles. Storm surges are defined as 'a temporary 
increase in sea level, above the level of the astronomical tide, caused by low 
atmospheric pressure and strong winds' (Hulme et al., 2002). Occurring 
primarily in shallow water, such as continental shelf, storm surges pose a 
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significant threat when occurring during high tide, further funnelling effects of 
the coastline morphology can increase the surge height. 
Figure 15 depicts the three emission scenarios effect on the potential height of 
a 50 year return period storm surge. The model used to generate the Figures 
considered the effect of global sea level rise, storminess changes and vertical 
land movements. It is clear from Figure 15 that the greatest heights are seen on 
the eastern side of southern England, occurring around the Kent and Essex 
coastal regions. It is important to note the increases in sea level height 
occurring around the study area on the south central coast of England. The 
medium to high and high emission scenarios cause the greatest sea level rise 
with an increase of 0.4 to Im during a storm surge. 
U-' 
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2. Project definition 
This dissertation will undertake the study and analysis of the effect of downdrift 
erosion from a strong point upon a delicate cliff line of soft rock of Tertiary age. 
The following Sections will detail the results and observations obtained through the 
GIS methodology and the geomorphological appraisals. 
The project will look to identify the primary controlling factor upon the development 
of the bay formation within the Naish farm study area and the how these factors effect 
the change in morphology of the cliffs and the type of failure observed. 
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For the purpose of this project the following maps were chosen to be used. 
° 
" 1898 
o 1908 
° 1938 
" 1963 
This decision was made as they ran from the earliest possible available date to 
the date of the first aerial photograph used. Therefore giving (on average) a 
data set every 27.75 years prior to the introduction of the photographs. 
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4. Methodology 
Figure 17 depicts the linkages between different aspects of the methodology. Full 
details of the processes involved can be found in appendix II. 
4.1. OS Mastermap Data 
The implementation of a digital base map in the form of an OS Mastermap data 
set (Ordinance Survey, 2004) obtained on an academic licence, negated the need 
for a traditional paper copy. The map acts as the foundation and starting point for 
the construction of the GIS database. 
Two processes were carried out. Firstly the conversion of the data to a form which 
is universally recognised by industry and academically standard GIS software and 
then loading the converted data in to Arc View© ((ESRI, 1999) and (2004)). And 
secondly from this the Ground Control Points (GCP) required for the 
Orthorectification stage of the methodology were obtained. 
4.2. Orthorectification 
The Orthorectification process is fundamentally the most important part of the 
methodology, as it allows the chemical photo prints obtained from the NFDC to 
be introduced in the GIS. The procedure basically assigns the scanned aerial 
photograph a coordinate system (namely the GB OS 1936). This coordinate 
system is the same used for all spatial geographic data within the UK. The 
resulting product from this process is an image that has all the distortion due to the 
flight altitude and angle corrected. All the procedures carried out in this Section 
were done in ENVI 4.1 (Research Systems, 2004). 
4.3. Georeferencing 
The product from the rectification process, along with the historical map data 
obtained from the OS digital archive, is then used to obtain the two fundamental 
parameters needed for the proceeding analytical techniques. 
• The cliff top 
• The cliff bottom (toe) 
The Georeferencing process involves the tracing of these features using 
Arc View© (ESRI, 2004). This generates a series of lines depicting the cliff top 
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and bottom. Each of these lines is constructed from a series of points, each with 
assigned coordinates which correspond to the UK OS 1936 coordinate system. 
4.4. Zone definition 
The calculation of the cumulative loss of material required the defining of a series 
of zones along the study area coastline. The zones were defined by observing 
areas of similar behaviour in terms of morphology and erosion rates obtained from 
the DSAS analysis. (See section 4.6) 
1. The first zone represents the area directly down drift from the strong point 
at Chewton Bunny, this being the area influenced by the waves refracted by 
the strong point. 
2. This zone represents the length of the coastline which simply sits between 
the initial set back next to the strong point and the theoretical longitudinal 
Section characteristically seen within a log spiral bay (as described in Section 
1.1.2.) 
3. This Section represents the longitudinal 'straight' Section found within a 
log spiral bay. 
4. This, the penultimate Section, represents the start of the curving round 
towards the tail of the embayment. 
5. The final Section represents the area neighbouring the eastern strong points 
within the study area. The regression is likely to be directly influenced by the 
close proximity of the hard engineering and slope re-profiling. 
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length of the study area. This software was initially designed to be used on the 
recession or progression of beaches, but it was easily adapted to be applied to the 
cliff top. 
4.7. Change in Slope Angle 
The georeferenced cliff top and bottom are then used to obtain the PO values 
which depict the change in slope angle. The calculation parameters were obtain by 
initially using the DSAS (Thieler et al., 2003) to work out the distance between 
the cliff top and bottom, and then manual readings of the DEM and contours on 
historical maps to obtain the height of the cliff top. Then using simply 
trigonometry the slope angle (pO) could be calculated. 
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namely Barton (1984b) (specifically to the site) and Varnes (1978) (in a 
technical sense) that increased water levels in clay cliffs at Naish increases the 
mobilisation. Further analysis concludes that it is reasonable to assume that the 
steady increase in cumulative loss of material between 1891 and 1963 is 
largely controlled by the construction works of the Hengistbury Head long 
groyne. With the intention to recreate the protection that the Christchurch 
ledge gave the bay, the long groyne inhibited the quantity of sediment 
transport in to the bay, and thus saw depletion in the beaches. This in turn led 
to greater exposure of the cliff toes, leaving them more susceptible to erosion. 
The next significant event in the history of Christchurch Bay to directly affect 
the Naish Farm cliffs is the construction of sea defences and groyne fields at 
Highcliffe between 1965 and 1971. It is reasonable to attribute the increase in 
material loss between 1963 and 1975 to these engineering works. In a bid to 
control the longshore loss of beach material the Highcliffe works led to 
depletion in the Naish beach material, therefore leaving the cliffs exposed 
further to the wave attack. 
It is reasonable to theorise that an increase in the ferocity of the wave climate 
could have lead to the dramatic loss of material seen between 1963 and 1975. 
The refraction of the waves around the Chewton Bunny strong point (as 
mentioned in Section 1.1.2.) could have had a considerable affect. 
The relative calming in the loss of material seen beyond 1984 can largely been 
contributed to the re-profiling drainage and outfall work carried out at 
Chewton Bunny. 
6.1.2. Recession Data Area 2 (Figure 28) 
In direct comparison to the line plotted for Area 1, Area 2 takes on a far more 
gradual and consistent increase in cumulative loss of material. There appears 
to be no significant jump in the yearly material loss until 1963 where the 
Figure raises from 238 m^/yr to 500 m^/yr. From 1975 to 2002 the data plots a 
linear line with only a light increase in material lost in 1984. 
As mentioned in the previous Section the changes in amount of recession 
within the Naish farm cliffs can be attributed to the events which have taken 
place within Christchurch Bay. As with Area 1 the steady increase in the 
cumulative material lost can be attributed to the mining work carried out upon 
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the Christchurch ledge which reduced the protection the beaches had once 
experienced from the wave climate. Continuing from the observations 
mentioned for area 1 the 1965 to 1971 constructions along the Highcliffe 
Section of Christchurch Bay look at have a significant knock on effect. The 
sudden increase of recession seen from 1963 to 1975 suggests that the cliff 
were exposed to wave attack which could have activated further failure. As 
with Area 1 works around Chewton Bunny (including the outfall) look to have 
improved the stability of the cliffs by offering the Naish Farm Section of 
coastline some protection. Over all the observations made about Area 2 largely 
mirror those made about Area 1. 
6.1.3. Recession Data Area 3 (Figure 29) 
The data plot for the recession at area 3 continues many of the patterns seen 
within the previous two areas. There is a response to a change in conditions at 
the 1891, 1963 and 1971 data points similar to that seen in the previous data 
sets for Areas 1 and 2. 
As mentioned before it is reasonable to attribute these changes in the rate of 
the cumulative loss of material to the same events mentioned in the two 
previous Sections. There is a clear jump seen from the 1891 data point, this 
can be attributed to a number of factors, such as the continuing decline of 
beach material in response to the loss of the Christchurch ledge exposing the 
cliffs, and the sequence of years with significantly high precipitation (1891, 
1903 and 1914). The average yearly loss of material from the cliff top between 
1891 and 1908 of 588 m"/yr decreases to 255 mVyr between 1908 and 1963. 
This yearly rate of loss almost triples for 16 years between 1963 and 1979 
with a rate of 875 m^/yr. This dramatic increase can be attributed with 
confidence to the before mentioned constructions at Highcliffe. Following the 
work around Chewton Bunny the cumulative loss of material shows some 
relative stability. 
6.1.4. Recession Data Area 4 (Figure 30) 
Area 4 represents the penultimate area moving east. It is apparent from 
observations that there is an initial response from 1891 to 1908, the 
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6.2. Stage 2 Results 
6.2.1. DSAS 
The use of the Digital Shoreline Analysis System (Thieler et al., 2003), 
(detailed further in appendix III) allows the calculation of the rate of change 
along the cliff top of the study area. Figure 31 displays the results for the rate 
of change from 1975 to 2004, the distance west to east (left to right) is plotted 
against the change. The period 1975 - 2004 has been selected as it represents 
the period where the greatest amount of setback is expected. Due to the 
construction of the Highcliffe groyne fields and the Chewton Bunny strong 
point through the 1970s and 1980s. 
A best fit line has been plotted on the graph is figure 32 to display the 
generalised distribution. It is clear that a curve very similar to that produced by 
a log spiral has formed. The largest change in the cliff top is seen between the 
250m and 900m mark, beyond that it tails off eastward where there are areas 
of slope reprofiling. 
The areas running from 450 to 600 meters 800 to 850 meters show a decrease 
in change in cliff position. This is most probably due to areas of localised 
increased stability, seeing less failure at the cliff top. 
Therefore it is reasonable to conclude that the greatest rates of degradation of 
the cliffs are experienced from 250m and 900m. This can be explained by the 
refraction of the waves around the Chewton Bunny strong points, and the 
depletion of the beach material caused by the blockage of the littoral drift. 
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6.3. Stage 3 Results Change in Cliff slope angle 
6.3.1. Change in Cliff slope angle; Area 1 (Figure 33) 
The data for the change in cliff slope angle for Area 1 shows an oscillating 
plot, with the angle falling between 17° and 13° until the 1963 data point 
where it rises to fall between 26° and 20°. 
Firstly it is important to recognise the reasons for the fall and rise of the slope 
angle. The slope angle is controlled by the distance between the cliff top and 
bottom. If the cliff bottom is closer to the top the cliff slope will be steeper 
giving a higher PO value and if the cliff bottom is further from the cliff top it 
will produce a lower (30 value. Though field observations it has been 
recognised that the cliff bottom alternates its position though slumping at the 
toe and erosion of the slumped features by the sea, which extend and retreat 
the cliff bottom respectively. 
The plot for Area 1 shows the cliff has experienced toe failures though the first 
3 data points. It is reasonable to assume that the increased yearly average 
precipitation during the 1891 to 1903 period, which was recognised in Section 
5, has mobilised the cUff greatly causing an extension in the toe. The cliff toe 
obviously shows signs of moving back then out again up to 1938 where there 
is a dramatic steepening. This indicates a significant amount of erosion. This 
correlates very well with the construction of sea defences and groyne fields at 
Highcliffe to the west of the study area. This suggests that the beach as been 
depleted of material allowing the wave action to attack the cliff toe more 
viciously. The subsequent slumping of the toe occurring between 1975 and 
1984 suggests that large south coast storms recorded in 1976 and 1980 
increased the wave height and energy and therefore induced toe failure. The 
final rise and fall of the plotted line shows a spell of erosion proceeded by a 
spell of failure, it is difficult to attribute this sequence to any particular event, 
but it goes to suggest that the erosion and consequent toe failure is a cyclic 
event. 
6.3.2. Change in Cliff slope angle: Area 2 (Figure 34) 
The initial observations of the area 2 plot show that there is a distinct 
oscillation depicting the cyclic events mentioned in the previous Section. 
There appears to be less variability in this plot with all the values falling 
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between 12° and 18°. Interestingly the majority of the significant changes in 
slope angle can be attributed to a particular event. 
The steepening of the slope, suggests an erosional event from 1872 to 1891, 
this ties in with the loss of the Christchurch ledge and the completion of the 
mining in 1870. The breaching of Hengistbury Head in 1880 suggests a more 
violent wave climate in the bay, which leads to increased erosion of the cliff 
toe. Following this there is a steep decrease in the slope angle, which indicates 
a period of toe movement/failure. The timing of this movement correlates with 
the period of increased precipitation seen between 1891 and 1903. This 
strongly suggests that an influx of water into the cliffs over these years 
reduced the stability. The erosional period observed to follow between 1903 
and 1938 can be attributed to the continuing effects due to the loss of the 
Christchurch ledge. The steepening period from 1963 to 2002 indicates the 
cliff toe experiencing a erosional period. Three important occurrences within 
the bay can be identified to help explain this occurrence. Firstly the 
construction of defences at Highcliffe in 1965 contributed to helping the 
depletion of the Naish Farm beaches and thus exposing the cliff to the sea. 
Secondly two large storms occurring in 1976 and 1980 increased the average 
wave height for a period sufficient enough to greatly degrade the cliffs. And 
lastly, additional work at Chewton Bunny has the potential to limit the amount 
of beach material that has been brought into the site. Despite the overall 
increase in slope steepness over the final 30 years of the data set a cyclic 
motion of steepening and failure can still be observed. This suggests that the 
cliff slope will reach a critical steepness before failure is invertible. 
6.3.3. Change in Cliff slope angle: Area 3 (Figure 35) 
The general form of this plot shows a very similar shape to that seen for area 
2, which no real surprise as they share very similar conditions. 
Both the erosion features resulting from the Hengistbury Head mining and the 
toe extension though the increased precipitation from 1891 to 1903 identified 
in the data set for Area 2 can be seen in Area 3. In addition to the similarities 
with Area 2 an overall increase can be seen over the final 30 years of the data 
set. Again it would not be inaccurate to attribute this pattern to the engineering 
works at Highcliffe and Chewton Bunny to reducing the beach material on the 
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Study area, and therefore exposing the cliffs to wave erosion. The cyclic 
pattern of the data observed in the previous areas continues in Area 3. 
6.3.4. Change in Cliff slope angle: Area 4 (Figure 36) 
The data plot for Area 4 on initial impressions shows a very similar pattern to 
that seen in the 3 previous Sections. There is a dramatic steepening then 
shallowing of the cliff slope angle, which can be attributed again to the effects 
of the Hengistbury Head mining and then the period of increased precipitation 
respectively. The gradual steepening seen from 1963 to 2002 in all the 
previous areas is present here, although it shows a far more linear progression. 
This anomaly can be easily explained as the eastern extents of the study area 
have been subject to slope re-profiling and remedial works. 
6.3.5. Change in Cliff slope angle: Area 5 (Figure 37) 
The data for Area 5 shows very similar features to that of Area 4. As with all 
the data sets there is an easily recognisable steep increase in slope angle and 
then a proceeding lessening. This is recognised as the cliff reactions to the 
Hengistbury Head mining and periods of excessive precipitation. 
Following this is a period of cyclic steepening and shallowing of the cliff 
angle. The data for the final 30 years is of no use, as engineering works mean 
that there is no change in the slope angle. 
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6.4. Stage 4 Results: Shape of bay development 
6.4.1. Cliff Top (See figure 57 appendix V) 
The southern most line depicts the position of the cliff top in 1872. The 
geometry of the line is mostly horizontal, curving can be observed towards the 
eastern and western flanks. Despite being set back around 25 metres from the 
1872 position the 1898 cliff top mirrors the geometry. This trend continues 
back to the 1963 cliff top line. Beyond this some major changes appear to 
occur. A greater set back can be clearly observed directly down drift from 
Chewton bunny. It was from the 1960 period that the groyne fields and 
associated coastal engineering works commenced. Their construction can be 
seen to change the morphology of the Naish Farm site, creating set back 
producing what could be classed as an early stage crenulate bay. The closer 
proximity of the cliff top positions for the final 20 years of the data shows a 
slow in the rate of erosion. It is reasonable to assume that the extension of 
Chewton Bunny provides some kind of protection. 
The eastern extents of the site over time show very little change in strike 
(bearing to north) and only change in southern extent. This suggests that the 
western extents of the site experience more intense erosion creating the set 
back. 
A comparison between the trend line resulting from the DSAS data processing 
technique (figure 32) and the shape of the cliff top from 1975 to 2002 shows 
some correlation. A greater set back immediately adjacent to the Chewton 
Bunny strong point can be observed through this time period. 
6.4.2. Chff bottom (See figure 58 appendix V) 
As with the plot for the cliff top the southern most (bottom) line is 1872. This 
plots a horizontal line, this suggests uniform erosion of the cliff toe. The 
erosion sets the subsequent years back by on average 15 metres. Each year 
mirrors the geometry seen in 1872. It is clear that the cHff bottom orientation 
is not effected by the set back and crenulate bay shape which dominates the 
cliff top erosion. The shape of the cliff bottom looks to be controlled largely 
by the landslides occurring within the chff, as localised large scale slumps can 
change the shape of bay greatly. 
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6.5. Stage 5: Geomorphological analysis 
6.5.1. Geomorphological maps 
To allow for a thorough geomorphological appraisal of the study area it is 
important to fully recognise the main features resulting from the movement 
occurring across the F, D and, A3 benches in addition to this it is important to 
appreciate the temporal changes. The layouts found in appendix VI (labelled 
Figures 59 - 62) depict the study area from an aerial view. The dates 1975, 
1979, 1984, 1989, 1994, 1999 and 2002 are used. Each year has the most 
significant features in the cliff highlighted by standard geomorphological 
features. The features come in the form of breaks and changes in slope which 
make up the benched appearance of the cliffs. 
(NOTE all reference of distances from cliff top or the beach, are 'as the crow 
flies' and to not take into consideration the change in elevation.) 
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6.5.2.2. 1979 (Figure 59) 
(Not Covered by aerial photography) 
6.5.2.3.1984 (Figure 60) 
9 years post 1975 the A3 bench shows a similar morphology in 1984. The 
cliff itself has recessed around 10 meters but the cliff failure mechanisms 
appear to have produced a very similar size failure. The bench runs for 206 
meters eastward from the western extent of the site of Chewton Bunny. As 
seen with the 1975 data there is water induced movement in the form of 
mud slides and runs at the eastern extent of the bench, these obscure parts 
of the bench and any possible exposures of the shear surface. 
6.5.2.4.1989 (Figure 60) 
The A3 bench shows very similar geomorphological characteristics to that 
seen in the previous years. Running for 260 meters east from Chewton 
bunny, the bench sits 16 meters from the beach. The accumulated water 
channelled by the cliff geomorphology has caused the occurrence of mud 
slides on the eastern extent of the A3 bench. This repeated feature suggests 
a predominate lithologically controlled feature, as the water is channelled 
in a defined direction, rather than a feature solely controlled by occasional 
'flashy' periods of rainfall. 
6.5.2.5.1994 (Figure 61) 
The 'A3' bench was particularly difficult to pick out due to the relatively 
low activity occurring across the western side of the study area. Despite 
this the A3 bench can be seen to run for 150 meters eastwards 13 meters 
from the beach. 
6.5.2.6.1999 (Figure 61) 
There is no defined appearance of the 'A3' bench with in the cliffs for 
1999. It is generally accepted through numerous literature resources, 
including Barton (1973), That the 'A3' bench is found in immediately to 
the east of Chewton bunny before it drops below the beach level. But due 
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1.2.7. Offshore sediment movement. 
In addition to an extensive analysis of the cliff geomorphology and coasthne 
morphology changes, it is important to consider the role of the sediment 
budget and transport within Christchurch Bay. 
Bray et al (1995) examined the littoral cell definition and budgets for central 
southern England. Their work involved pulling together a number of 
resources, namely papers by Henderson (1979) and Lacey (1985) who looked 
into the effects of wave refraction, Nicholls (1985) who looked at aluminium 
pebble tracer experiments as part of his work on Hurst spit, and Nicholls & 
Webber (1987) who worked on sediment budget computations based on 
historical coastal change. 
Figure 11 shows the amalgamation of the material used by Bray et al (1995). 
Christchurch Bay can be observed to have a clockwise net sediment direction. 
The net littoral drift (represented by 'LT' in Figure 11) takes the material 
eastward towards Hurst Spit (Bray et al., 1995). Interruptions in this direction 
can be observed at Hordle with the formation of a cusp ate foreland. Bray et al 
(1995) also recognises that the proportion of sand on beaches declines sharply 
from west to east, suggesting that 'fines supplied from the eroding cliffs are 
progressively winnowed offshore'. Material reaching Hurst Spit is 
consequently lost offshore through the estuarine sediment transport. 
The site of Chewton Bunny is depicted by the red number 6 in Figure 11. 
There are three primary types of sediment movements recognised. 
1. Gravel, clay and sand from cliff erosion, with a volume of >20,000 
m^ a'\ The reliability of the information is described as medium. 
2. Gravel, clay and sand in littoral (beach) drift, with a volume of 
10,000 - 20,000 m^ a'\ The reliability of the information is 
described as high. 
3. Sand in onshore to offshore sediment transport. There is no 
quantative data available here, but the information is considered to 
be a source of medium reliability. 
The Naish Farm cliffs dominate the eroded cliff material input to Christchurch 
Bay's sediment budget, due to it exposed nature. Despite this. Bray at al 
28 \e'l "arquharsof 
y.jUy of Codalme jowi a ifl 
OfChavntcnUimy CTiiWchurc' bay 
Section 1.2.8. touched on the global scenarios regarding climate change, but it 
is important to bring this down to a regional scale and look at the impacts it 
will have on the south east and namely the study area of Naish Farm in Dorset. 
This will be done with the aid of the 'impacts of climate change in the South 
East in the 21^' Century' technical report (Wade et al., 1999). 
Through the models run by the UKCIP report there are a number of stark 
Figures regarding the climatic conditions in the south east by 2080. 
Of significant note are the following 
• Spring season temperatures rising by 2.6 °C 
• Summer and Autumn rising by 2.7-3.6 °C 
• Mean annual rainfall increase by 2 - 5 % 
• Increase of 20% winter rainfall 
• Decrease of 16 - 24 % of summer rainfall 
• Increase of 16 - 23 % in potential evaporation 
• Increase in daily rainfall intensity 
• Doubled frequency of 25 - 30 mm rainfalls 
Inevitably there is going to be greater variability in the weather. Due to 
increasing summer temperatures there will be increased storms with heavier 
rain, having the potential to mobilise areas of coastal cliff instability with a 
sudden influx in water. Similarly the increased winter precipitation will 
increase the water held within coastal cliff environments, causing more 
movement. (These geomorphological scenarios will be looked at in more 
detail in Section 6.5) 
1.2.11. Extreme sea levels 
The potential for extreme events causing more frequent localised rises in sea 
level is a realistic scenario to consider. Of these the storm surge poses the 
greatest threat to the British Isles. Storm surges are defined as 'a temporary 
increase in sea level, above the level of the astronomical tide, caused by low 
atmospheric pressure and strong winds' (Hulme et al., 2002). Occurring 
primarily in shallow water, such as continental shelf, storm surges pose a 
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significant threat when occurring during high tide, further funnelling effects of 
the coastline morphology can increase the surge height. 
Figure 15 depicts the three emission scenarios effect on the potential height of 
a 50 year return period storm surge. The model used to generate the Figures 
considered the effect of global sea level rise, storminess changes and vertical 
land movements. It is clear from Figure 15 that the greatest heights are seen on 
the eastern side of southern England, occurring around the Kent and Essex 
coastal regions. It is important to note the increases in sea level height 
occurring around the study area on the south central coast of England. The 
medium to high and high emission scenarios cause the greatest sea level rise 
with an increase of 0.4 to Im during a storm surge. 
U-' 
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2. Project definition 
This dissertation will undertake the study and analysis of the effect of downdrift 
erosion from a strong point upon a delicate cliff line of soft rock of Tertiary age. 
The following Sections will detail the results and observations obtained through the 
GIS methodology and the geomorphological appraisals. 
The project will look to identify the primary controlling factor upon the development 
of the bay formation within the Naish farm study area and the how these factors effect 
the change in morphology of the cliffs and the type of failure observed. 
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For the purpose of this project the following maps were chosen to be used. 
° 
" 1898 
o 1908 
° 1938 
" 1963 
This decision was made as they ran from the earliest possible available date to 
the date of the first aerial photograph used. Therefore giving (on average) a 
data set every 27.75 years prior to the introduction of the photographs. 
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4. Methodology 
Figure 17 depicts the linkages between different aspects of the methodology. Full 
details of the processes involved can be found in appendix II. 
4.1. OS Mastermap Data 
The implementation of a digital base map in the form of an OS Mastermap data 
set (Ordinance Survey, 2004) obtained on an academic licence, negated the need 
for a traditional paper copy. The map acts as the foundation and starting point for 
the construction of the GIS database. 
Two processes were carried out. Firstly the conversion of the data to a form which 
is universally recognised by industry and academically standard GIS software and 
then loading the converted data in to Arc View© ((ESRI, 1999) and (2004)). And 
secondly from this the Ground Control Points (GCP) required for the 
Orthorectification stage of the methodology were obtained. 
4.2. Orthorectification 
The Orthorectification process is fundamentally the most important part of the 
methodology, as it allows the chemical photo prints obtained from the NFDC to 
be introduced in the GIS. The procedure basically assigns the scanned aerial 
photograph a coordinate system (namely the GB OS 1936). This coordinate 
system is the same used for all spatial geographic data within the UK. The 
resulting product from this process is an image that has all the distortion due to the 
flight altitude and angle corrected. All the procedures carried out in this Section 
were done in ENVI 4.1 (Research Systems, 2004). 
4.3. Georeferencing 
The product from the rectification process, along with the historical map data 
obtained from the OS digital archive, is then used to obtain the two fundamental 
parameters needed for the proceeding analytical techniques. 
• The cliff top 
• The cliff bottom (toe) 
The Georeferencing process involves the tracing of these features using 
Arc View© (ESRI, 2004). This generates a series of lines depicting the cliff top 
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and bottom. Each of these lines is constructed from a series of points, each with 
assigned coordinates which correspond to the UK OS 1936 coordinate system. 
4.4. Zone definition 
The calculation of the cumulative loss of material required the defining of a series 
of zones along the study area coastline. The zones were defined by observing 
areas of similar behaviour in terms of morphology and erosion rates obtained from 
the DSAS analysis. (See section 4.6) 
1. The first zone represents the area directly down drift from the strong point 
at Chewton Bunny, this being the area influenced by the waves refracted by 
the strong point. 
2. This zone represents the length of the coastline which simply sits between 
the initial set back next to the strong point and the theoretical longitudinal 
Section characteristically seen within a log spiral bay (as described in Section 
1.1.2.) 
3. This Section represents the longitudinal 'straight' Section found within a 
log spiral bay. 
4. This, the penultimate Section, represents the start of the curving round 
towards the tail of the embayment. 
5. The final Section represents the area neighbouring the eastern strong points 
within the study area. The regression is likely to be directly influenced by the 
close proximity of the hard engineering and slope re-profiling. 
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length of the study area. This software was initially designed to be used on the 
recession or progression of beaches, but it was easily adapted to be applied to the 
cliff top. 
4.7. Change in Slope Angle 
The georeferenced cliff top and bottom are then used to obtain the PO values 
which depict the change in slope angle. The calculation parameters were obtain by 
initially using the DSAS (Thieler et al., 2003) to work out the distance between 
the cliff top and bottom, and then manual readings of the DEM and contours on 
historical maps to obtain the height of the cliff top. Then using simply 
trigonometry the slope angle (pO) could be calculated. 
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namely Barton (1984b) (specifically to the site) and Varnes (1978) (in a 
technical sense) that increased water levels in clay cliffs at Naish increases the 
mobilisation. Further analysis concludes that it is reasonable to assume that the 
steady increase in cumulative loss of material between 1891 and 1963 is 
largely controlled by the construction works of the Hengistbury Head long 
groyne. With the intention to recreate the protection that the Christchurch 
ledge gave the bay, the long groyne inhibited the quantity of sediment 
transport in to the bay, and thus saw depletion in the beaches. This in turn led 
to greater exposure of the cliff toes, leaving them more susceptible to erosion. 
The next significant event in the history of Christchurch Bay to directly affect 
the Naish Farm cliffs is the construction of sea defences and groyne fields at 
Highcliffe between 1965 and 1971. It is reasonable to attribute the increase in 
material loss between 1963 and 1975 to these engineering works. In a bid to 
control the longshore loss of beach material the Highcliffe works led to 
depletion in the Naish beach material, therefore leaving the cliffs exposed 
further to the wave attack. 
It is reasonable to theorise that an increase in the ferocity of the wave climate 
could have lead to the dramatic loss of material seen between 1963 and 1975. 
The refraction of the waves around the Chewton Bunny strong point (as 
mentioned in Section 1.1.2.) could have had a considerable affect. 
The relative calming in the loss of material seen beyond 1984 can largely been 
contributed to the re-profiling drainage and outfall work carried out at 
Chewton Bunny. 
6.1.2. Recession Data Area 2 (Figure 28) 
In direct comparison to the line plotted for Area 1, Area 2 takes on a far more 
gradual and consistent increase in cumulative loss of material. There appears 
to be no significant jump in the yearly material loss until 1963 where the 
Figure raises from 238 m^/yr to 500 m^/yr. From 1975 to 2002 the data plots a 
linear line with only a light increase in material lost in 1984. 
As mentioned in the previous Section the changes in amount of recession 
within the Naish farm cliffs can be attributed to the events which have taken 
place within Christchurch Bay. As with Area 1 the steady increase in the 
cumulative material lost can be attributed to the mining work carried out upon 
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the Christchurch ledge which reduced the protection the beaches had once 
experienced from the wave climate. Continuing from the observations 
mentioned for area 1 the 1965 to 1971 constructions along the Highcliffe 
Section of Christchurch Bay look at have a significant knock on effect. The 
sudden increase of recession seen from 1963 to 1975 suggests that the cliff 
were exposed to wave attack which could have activated further failure. As 
with Area 1 works around Chewton Bunny (including the outfall) look to have 
improved the stability of the cliffs by offering the Naish Farm Section of 
coastline some protection. Over all the observations made about Area 2 largely 
mirror those made about Area 1. 
6.1.3. Recession Data Area 3 (Figure 29) 
The data plot for the recession at area 3 continues many of the patterns seen 
within the previous two areas. There is a response to a change in conditions at 
the 1891, 1963 and 1971 data points similar to that seen in the previous data 
sets for Areas 1 and 2. 
As mentioned before it is reasonable to attribute these changes in the rate of 
the cumulative loss of material to the same events mentioned in the two 
previous Sections. There is a clear jump seen from the 1891 data point, this 
can be attributed to a number of factors, such as the continuing decline of 
beach material in response to the loss of the Christchurch ledge exposing the 
cliffs, and the sequence of years with significantly high precipitation (1891, 
1903 and 1914). The average yearly loss of material from the cliff top between 
1891 and 1908 of 588 m"/yr decreases to 255 mVyr between 1908 and 1963. 
This yearly rate of loss almost triples for 16 years between 1963 and 1979 
with a rate of 875 m^/yr. This dramatic increase can be attributed with 
confidence to the before mentioned constructions at Highcliffe. Following the 
work around Chewton Bunny the cumulative loss of material shows some 
relative stability. 
6.1.4. Recession Data Area 4 (Figure 30) 
Area 4 represents the penultimate area moving east. It is apparent from 
observations that there is an initial response from 1891 to 1908, the 
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6.2. Stage 2 Results 
6.2.1. DSAS 
The use of the Digital Shoreline Analysis System (Thieler et al., 2003), 
(detailed further in appendix III) allows the calculation of the rate of change 
along the cliff top of the study area. Figure 31 displays the results for the rate 
of change from 1975 to 2004, the distance west to east (left to right) is plotted 
against the change. The period 1975 - 2004 has been selected as it represents 
the period where the greatest amount of setback is expected. Due to the 
construction of the Highcliffe groyne fields and the Chewton Bunny strong 
point through the 1970s and 1980s. 
A best fit line has been plotted on the graph is figure 32 to display the 
generalised distribution. It is clear that a curve very similar to that produced by 
a log spiral has formed. The largest change in the cliff top is seen between the 
250m and 900m mark, beyond that it tails off eastward where there are areas 
of slope reprofiling. 
The areas running from 450 to 600 meters 800 to 850 meters show a decrease 
in change in cliff position. This is most probably due to areas of localised 
increased stability, seeing less failure at the cliff top. 
Therefore it is reasonable to conclude that the greatest rates of degradation of 
the cliffs are experienced from 250m and 900m. This can be explained by the 
refraction of the waves around the Chewton Bunny strong points, and the 
depletion of the beach material caused by the blockage of the littoral drift. 
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6.3. Stage 3 Results Change in Cliff slope angle 
6.3.1. Change in Cliff slope angle; Area 1 (Figure 33) 
The data for the change in cliff slope angle for Area 1 shows an oscillating 
plot, with the angle falling between 17° and 13° until the 1963 data point 
where it rises to fall between 26° and 20°. 
Firstly it is important to recognise the reasons for the fall and rise of the slope 
angle. The slope angle is controlled by the distance between the cliff top and 
bottom. If the cliff bottom is closer to the top the cliff slope will be steeper 
giving a higher PO value and if the cliff bottom is further from the cliff top it 
will produce a lower (30 value. Though field observations it has been 
recognised that the cliff bottom alternates its position though slumping at the 
toe and erosion of the slumped features by the sea, which extend and retreat 
the cliff bottom respectively. 
The plot for Area 1 shows the cliff has experienced toe failures though the first 
3 data points. It is reasonable to assume that the increased yearly average 
precipitation during the 1891 to 1903 period, which was recognised in Section 
5, has mobilised the cUff greatly causing an extension in the toe. The cliff toe 
obviously shows signs of moving back then out again up to 1938 where there 
is a dramatic steepening. This indicates a significant amount of erosion. This 
correlates very well with the construction of sea defences and groyne fields at 
Highcliffe to the west of the study area. This suggests that the beach as been 
depleted of material allowing the wave action to attack the cliff toe more 
viciously. The subsequent slumping of the toe occurring between 1975 and 
1984 suggests that large south coast storms recorded in 1976 and 1980 
increased the wave height and energy and therefore induced toe failure. The 
final rise and fall of the plotted line shows a spell of erosion proceeded by a 
spell of failure, it is difficult to attribute this sequence to any particular event, 
but it goes to suggest that the erosion and consequent toe failure is a cyclic 
event. 
6.3.2. Change in Cliff slope angle: Area 2 (Figure 34) 
The initial observations of the area 2 plot show that there is a distinct 
oscillation depicting the cyclic events mentioned in the previous Section. 
There appears to be less variability in this plot with all the values falling 
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between 12° and 18°. Interestingly the majority of the significant changes in 
slope angle can be attributed to a particular event. 
The steepening of the slope, suggests an erosional event from 1872 to 1891, 
this ties in with the loss of the Christchurch ledge and the completion of the 
mining in 1870. The breaching of Hengistbury Head in 1880 suggests a more 
violent wave climate in the bay, which leads to increased erosion of the cliff 
toe. Following this there is a steep decrease in the slope angle, which indicates 
a period of toe movement/failure. The timing of this movement correlates with 
the period of increased precipitation seen between 1891 and 1903. This 
strongly suggests that an influx of water into the cliffs over these years 
reduced the stability. The erosional period observed to follow between 1903 
and 1938 can be attributed to the continuing effects due to the loss of the 
Christchurch ledge. The steepening period from 1963 to 2002 indicates the 
cliff toe experiencing a erosional period. Three important occurrences within 
the bay can be identified to help explain this occurrence. Firstly the 
construction of defences at Highcliffe in 1965 contributed to helping the 
depletion of the Naish Farm beaches and thus exposing the cliff to the sea. 
Secondly two large storms occurring in 1976 and 1980 increased the average 
wave height for a period sufficient enough to greatly degrade the cliffs. And 
lastly, additional work at Chewton Bunny has the potential to limit the amount 
of beach material that has been brought into the site. Despite the overall 
increase in slope steepness over the final 30 years of the data set a cyclic 
motion of steepening and failure can still be observed. This suggests that the 
cliff slope will reach a critical steepness before failure is invertible. 
6.3.3. Change in Cliff slope angle: Area 3 (Figure 35) 
The general form of this plot shows a very similar shape to that seen for area 
2, which no real surprise as they share very similar conditions. 
Both the erosion features resulting from the Hengistbury Head mining and the 
toe extension though the increased precipitation from 1891 to 1903 identified 
in the data set for Area 2 can be seen in Area 3. In addition to the similarities 
with Area 2 an overall increase can be seen over the final 30 years of the data 
set. Again it would not be inaccurate to attribute this pattern to the engineering 
works at Highcliffe and Chewton Bunny to reducing the beach material on the 
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Study area, and therefore exposing the cliffs to wave erosion. The cyclic 
pattern of the data observed in the previous areas continues in Area 3. 
6.3.4. Change in Cliff slope angle: Area 4 (Figure 36) 
The data plot for Area 4 on initial impressions shows a very similar pattern to 
that seen in the 3 previous Sections. There is a dramatic steepening then 
shallowing of the cliff slope angle, which can be attributed again to the effects 
of the Hengistbury Head mining and then the period of increased precipitation 
respectively. The gradual steepening seen from 1963 to 2002 in all the 
previous areas is present here, although it shows a far more linear progression. 
This anomaly can be easily explained as the eastern extents of the study area 
have been subject to slope re-profiling and remedial works. 
6.3.5. Change in Cliff slope angle: Area 5 (Figure 37) 
The data for Area 5 shows very similar features to that of Area 4. As with all 
the data sets there is an easily recognisable steep increase in slope angle and 
then a proceeding lessening. This is recognised as the cliff reactions to the 
Hengistbury Head mining and periods of excessive precipitation. 
Following this is a period of cyclic steepening and shallowing of the cliff 
angle. The data for the final 30 years is of no use, as engineering works mean 
that there is no change in the slope angle. 
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6.4. Stage 4 Results: Shape of bay development 
6.4.1. Cliff Top (See figure 57 appendix V) 
The southern most line depicts the position of the cliff top in 1872. The 
geometry of the line is mostly horizontal, curving can be observed towards the 
eastern and western flanks. Despite being set back around 25 metres from the 
1872 position the 1898 cliff top mirrors the geometry. This trend continues 
back to the 1963 cliff top line. Beyond this some major changes appear to 
occur. A greater set back can be clearly observed directly down drift from 
Chewton bunny. It was from the 1960 period that the groyne fields and 
associated coastal engineering works commenced. Their construction can be 
seen to change the morphology of the Naish Farm site, creating set back 
producing what could be classed as an early stage crenulate bay. The closer 
proximity of the cliff top positions for the final 20 years of the data shows a 
slow in the rate of erosion. It is reasonable to assume that the extension of 
Chewton Bunny provides some kind of protection. 
The eastern extents of the site over time show very little change in strike 
(bearing to north) and only change in southern extent. This suggests that the 
western extents of the site experience more intense erosion creating the set 
back. 
A comparison between the trend line resulting from the DSAS data processing 
technique (figure 32) and the shape of the cliff top from 1975 to 2002 shows 
some correlation. A greater set back immediately adjacent to the Chewton 
Bunny strong point can be observed through this time period. 
6.4.2. Chff bottom (See figure 58 appendix V) 
As with the plot for the cliff top the southern most (bottom) line is 1872. This 
plots a horizontal line, this suggests uniform erosion of the cliff toe. The 
erosion sets the subsequent years back by on average 15 metres. Each year 
mirrors the geometry seen in 1872. It is clear that the cHff bottom orientation 
is not effected by the set back and crenulate bay shape which dominates the 
cliff top erosion. The shape of the cliff bottom looks to be controlled largely 
by the landslides occurring within the chff, as localised large scale slumps can 
change the shape of bay greatly. 
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6.5. Stage 5: Geomorphological analysis 
6.5.1. Geomorphological maps 
To allow for a thorough geomorphological appraisal of the study area it is 
important to fully recognise the main features resulting from the movement 
occurring across the F, D and, A3 benches in addition to this it is important to 
appreciate the temporal changes. The layouts found in appendix VI (labelled 
Figures 59 - 62) depict the study area from an aerial view. The dates 1975, 
1979, 1984, 1989, 1994, 1999 and 2002 are used. Each year has the most 
significant features in the cliff highlighted by standard geomorphological 
features. The features come in the form of breaks and changes in slope which 
make up the benched appearance of the cliffs. 
(NOTE all reference of distances from cliff top or the beach, are 'as the crow 
flies' and to not take into consideration the change in elevation.) 
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6.5.2.2. 1979 (Figure 59) 
(Not Covered by aerial photography) 
6.5.2.3.1984 (Figure 60) 
9 years post 1975 the A3 bench shows a similar morphology in 1984. The 
cliff itself has recessed around 10 meters but the cliff failure mechanisms 
appear to have produced a very similar size failure. The bench runs for 206 
meters eastward from the western extent of the site of Chewton Bunny. As 
seen with the 1975 data there is water induced movement in the form of 
mud slides and runs at the eastern extent of the bench, these obscure parts 
of the bench and any possible exposures of the shear surface. 
6.5.2.4.1989 (Figure 60) 
The A3 bench shows very similar geomorphological characteristics to that 
seen in the previous years. Running for 260 meters east from Chewton 
bunny, the bench sits 16 meters from the beach. The accumulated water 
channelled by the cliff geomorphology has caused the occurrence of mud 
slides on the eastern extent of the A3 bench. This repeated feature suggests 
a predominate lithologically controlled feature, as the water is channelled 
in a defined direction, rather than a feature solely controlled by occasional 
'flashy' periods of rainfall. 
6.5.2.5.1994 (Figure 61) 
The 'A3' bench was particularly difficult to pick out due to the relatively 
low activity occurring across the western side of the study area. Despite 
this the A3 bench can be seen to run for 150 meters eastwards 13 meters 
from the beach. 
6.5.2.6.1999 (Figure 61) 
There is no defined appearance of the 'A3' bench with in the cliffs for 
1999. It is generally accepted through numerous literature resources, 
including Barton (1973), That the 'A3' bench is found in immediately to 
the east of Chewton bunny before it drops below the beach level. But due 
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to the accumulation of debris slides and possibly wave erosion 
undermining the bench it is very hard to define the shape of the bench. 
6.5.2.7.2002 (Figure 62) 
The 'A3' bench (as with the 1999 observations) is not present in the cliff 
sequence of the 2002 aerial photographs. This could be attributed to either 
or both of primary chff mechanisms, being toe erosion and increased land 
slide movements. 
6.5.2.8.A3 Summery 
From the observations of the A3 bench made between 1975 and 2002, and 
field observation in 2005, the A3 bench can be seen to make less frequent 
appearances. From 1975 to 1994 the A3 bench can be clearly defined with 
a length of between 150 and 206 meters moving east. But it is clear that 
the A3 bench in 1994 did not show the definition of the previous years, 
and in subsequent years the A3 bench was not seen. The 'loss' of the 
bench can be attributed to two cliff influences. Firstly the waves 
approaching the beach refracted around the Chewton Bunny outfall and hit 
the shoreline at 90°, thus destructive toe erosion can be observed, which 
leads to the undermining of the A3 bench and its subsequent degradation 
and collapse. Secondly increased collapse in the over topping benches can 
leave the lower parts of the cliff obscured by colluvium. 
6.5.3. D Bench 
6.5.3.1.1975 (Figure 59) 
The 'D' bench over tops the 'A3' bench mentioned in the previous 
Section. Observations made for the 1975 data set place the 'D' bench 
sitting 20 meters back from the beach in the western most extent of the 
study area. The failure which has occurred along the 'D' slip surface 
makes up one of the largest bench slides seen throughout this site, 
measuring on average 16 m wide. Two features identifiable across the 
bench were scree found at the back scarp and tension cracks leading to 
edge failure seen at the southern extents of the bench, tracing the bench 
east it is clear that the cliff movement has been more active where the 
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bench has undoubtedly slid further south coming to meet the beach level. 
The locality found at NGR 422342, 93110 shows the morphological 
features associated with the combination of a fluvial cut channel and an 
extensive mud/debris slide. Beyond this the bench slide resulting from the 
'D' bedding plane moves down to within meters of the beach. The eastern 
sides of the 'D' bench is characterised by numerous mud and debris flows 
reaching the cliff toe. A 139 meter has been inferred in the eastern extents 
of Figure 58. It is suggested that mud slides and debris flows have 
obscured the edge of the 'D' bench therefore the probable continuing 
position of the bench has been represented by a dashed line. The D bench 
can be followed for a further 550 meters to 423012, 93052 where the 
bench reaches the beach and the dip of the lithology takes it below the 
beach level. 
6.5.3.2.1979 (Figure 59) 
Four years from the date the previous observations were made the 'D' 
bench shows a very similar morphology, although it is situated a further 3-
5 meters back from its previous position. As recognised in 1975 the 'D' 
bench southern edge sits 20 to 25 meters from the beach level (defined by 
the southern most 'change in slope angle' symbol (Figure 39)). Further 
movement within the debris of the bench slide can be seen along the 
exposed extent of this feature. This represents a common feature of tension 
cracks forming on the bench slide edge resulting in topphng or spalling 
failure. This is seen to be increased during periods of high tide where the 
waves under cut the cliff toe. The area found at NGR 422676, 93082 
(Figure 59) is an example of surface depressions on top of the slumped 
block which are prone to 'ponding'. The accumulation and surface storage 
of water is an important influencing factor within the cliff sequence. The 
underlying clays act as an aquiclude limiting the waters subsurface 
movement and transfer out of the cliff. The 'D' bench follows the easterly 
dip of the bed where it thins out towards areas re-profiling has been 
implement to try and induce a natural angle of stability within the cliff. 
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6.5.3.3.1984 (Figure 60) 
The 'D' bench continues to show a trend in the temporal morphology seen 
in the previous years. The bench's western most extent in found, as 
expected, is found in the western extent of the study area, where it should 
moves back from the beach, and up the cliff mirroring the topography as it 
is traced 400 meters east. The setback of the bench signifies that the 
material being lost from the cliff through sea erosion has potentially 
increased, this correlates with the reduction of debris slides reaching the 
cliff base, also it suggests that the water within the cliff was at a low level, 
limiting the mobilisation seen in the earlier years. It must be noted though 
that water levels are seasonal. The influence of water becomes evident 
towards the eastern Sections. Significant ponding suggests that there were 
greater amounts of water held within the cliff, in addition secondary 
slumping of the 'D' bench implies the two are linked. It is important to 
recognise the position of the bench in relation to the beach here; it runs at a 
matter of 10 to 15 meters from the beach and therefore is more susceptible 
to sea erosion. 
6.5.3.4.1989 (Figure 60) 
The 'D' bench can be seen in relatively close proximity to the underlying 
'A3' bench in the western extent of the study area, this suggests greater 
movement of the 'D' bench potentially over riding the underlying failure. 
As the bench moves eastward there are a series of relatively dramatic 
failures (3 in total) running from NGR 422069, 93183 to NGR 422306, 
93154. The failures show a displacement of around 10 to 15 meters from 
the 1984 aerial imagery. The failures comprise mainly of singular blocks 
in a slumping and rational failure with extensive colluvium blurring the 
'A3' bench. Areas of localised failure can be observed, this has resulted in 
a mud slide reaching the beach and burying a 20 meter Section of the 'D' 
bench. 
6.5.3.5.1994 (Figure 61) 
The 'D' bench is observed in the western extent of the study area. A major 
slump occurs at NGR 422263, 93170 where over a 118 meter distance east 
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the bench position drops from 56 meters from the beach to 22 meters. This 
locality is recognised as an area of large scale failure, this suggests that 
there are a number of overriding influences inducing the failure annually. 
6.5.3.6.1999 (Figure 61) 
From initial observations it is obvious that the orientation of the 'D' bench 
has been greatly altered to that seen five years previous. Continuing 
movement of the bench material is signified by a series of debris slides 
forming below the edge of the 'D' bench. A prominent fluvial cut channel 
dominates the morphology midway through the site as it cuts through the 
benches topping the 'D' bench and down to the beach. The bench sharply 
disappears in the east as the influence of the eastern engineering works has 
dramatically reduced the movement. 
6.5.3.7.2002 (Figure 62) 
The 'D' bench continues to show similar morphology to that seen in the 
previous years. Moving east the bench characteristically rises up the cliff 
before falling away and dipping down to the beach and disappears when it 
meets the eastern most engineering works. The cliff appears to display 
greater stability in 2002 as there are fewer examples of localised failure. 
This could be due to a number of things but seasonal variations in 
groundwater and wave climate appear to be the controlling factors. 
6.5.3.8.D Summery 
The 'D' bench is the dominant feature of the degrading cliffs, the continual 
recession of the cliff sees fresh movement throughout the year. Larger 
movements are seen to occur from year to year, which can be attributed to 
short term storm events rather than long term changes in climate. Recent 
field observations confirm that a number of the features observed in the 
aerial photography are present to date, this includes scree at the back scarp 
and tension cracks leading to edge failure seen at the southern extents of 
the bench, as mentioned in Barton (1984b). 
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6.5.4.4.1989 (Figure 60) 
For this year 'F' bench displays the majority of the geomorphological 
features seen in the previous dates of 1975, 1979 and 1984. The bench is 
largely dominated by low scale undulating features as it moves southward 
down the cliff. Two significant slumped blocks can be identified at NGR 
422858, 93087 and NGR 422956, 930780. These correlate geographically 
with the mudslide identified burying parts of the 'D' bench described in 
the previous paragraph. 
6.5.4.5.1994 (Figure 61) 
As seen in previous years the bench is characterised by the small scale 
undulation where the bench surface has broken up due to differential 
settlement and further failure resulting from intense shearing within the 
block. Two significant slumps occur in a similar location to that seen in the 
previous year, although they have moved around 5 metres back due to the 
cliff recession. Both failures are characterised a sharp slump creating an 
amphitheatre banking around a slumped block. 
6.5.4.6.1999 (Figure 61) 
The 'F' bench looks largely to mirror the form seen in pervious years. A 
significant slump at NGR 422318, 93182 drops the bench edge down the 
slope to a point where it is 40 meters from the chff top. The 'F' bench 
moves gradually down the cliff as it moves east where it blends into the 
engineered Sections bounding the eastern side of the site. Interesting above 
the 'F' bench another defined bench has formed running from NGR 
422598, 93176 to NGR 423110, 93056 
6.5.4.7.2002 (Figure 62) 
Two major failures disrupt the gentile undulations of the bench at a similar 
east west location seen in previous years. The failures have produced a 
secondary bench which runs along the top of the 'F' bench. In the eastern 
extents of the study area the 'F' bench is broken up significantly by these 
slumps working their way down the cliff. 
6.5.4.8.F Summery 
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The F bench is characterised each year two dominating failures, these 
slumps due to their size encounter further movement on the bench surface. 
Differential settlement and rotational slides can be observed frequently as 
secondary movement from the initial failure. The observations in more 
recent years show a decrease in the movement of the F bench. Engineering 
works have re-profiled large amounts of the eastern extent of the bay; this 
has artificially induced the cliff reaching an angle of stability. 
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Figure 44: Change in 'D' Bench Width moving East: 1999 
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Figure 48: Exposure Ratio at 100 Metre Intervals Moving East: 1984 
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Figure 49: Exposure Ratio at 100 Metre Intervals Moving East: 1989 
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Figure 50: Exposure Ratio at 100 Metre Intervals Moving East: 1994 
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Figure 51: Exposure Ratio at 100 Metre Intervals Moving East: 1999 
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which happens to be the middle Section of the Naish Farm cliffs embayment. 
From observations made in the Geomorphological analysis (Section 6.5) it is 
recognised that this area is influenced greatly by ground water with fluvial erosion 
and mud slides being consistently observed. 
The following plots (Figures 53 though to 56) compare the change in exposure 
ration against time for four Sections. These Sections have been created by 
averaging the exposure ratios every 300 metres. 
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The series of graphs (figures 53 to 56) depict the change in exposure ratio along a 
temporal scale. Each graph represents 300 meters of the study area coast Une, there 
are 4 in total covering the full 1200 meters of chffs. 
These graphs show an increase in large scale slumping (defined by an increase in 
exposure ratio) during the period of 1984 to 1989. This correlates to the construction 
of more substantial groynes at Highfield. These engineering works are recognised to 
have decreased the amount of beach sediment reaching the Naish Farm beaches. This 
has left the cliff toe exposed, which as commented in the previous section leads to 
greater slumping of the cliffs. 
Although a number of patterns can be picked out it is clear from the graphs that a 
cyclic sequence occurs across the site. 
Sections 1 and 4, which represent the eastern and western extents of the site, bodi 
show a decrease in the exposure ratio from 1999 to date, this correlates with the 
reprofiling work which has been carried out with these areas. 
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7. Critical Analysis of Methodology 
7.1. GIS Uncertainty 
Although the use of GIS within coastal sciences and engineering is seen as a step 
towards greater accuracy and less error, it is still important to recognise the 
potential error which could occur. 
Bruce (2005) recognised that uncertainty within GIS can come about in more than 
one form. 
True Uncertainty is associated with error when both the class of object and the 
individual represented in the GIS data model are not clearly defined. 
Vagueness relates to the difficulty in assigning classes or crisp boundaries to 
poorly define objects. 
Ambiguity which occurs when there are differing perceptions of the phenomenon 
and how it should be classified. 
7.1.1. Aerial photos 
Both Anders and Byrnes (1991) and Crowell et al (1991) recognised the 
effectiveness of the use of aerial photography in studying the change in 
coastlines. The problems they cited included the distortion caused by the 
altitude and angle of the flight and distortion within the camera lens itself, as 
many of these problems are becoming less due to modern camera and flight 
technology it still important to rectify the images to increase the accuracy. 
Along with removing a large amount of the uncertainty associated with this 
data source, rectifying aerial photography also removes the uncertainty 
associated with ambiguity. By introducing a coordinate system, that all the 
spatial data used within the GIS complies to, the results have a greater degree 
of accuracy. 
7.1.2. Maps 
7.1.2.1.current 
The current map data used within this project is the most accurate OS data 
available. This guarantees a high level of accuracy as modem ground and 
aerial surveying techniques have been used removing the inherited 
mapping errors associated with traditional and historical mapping. 
7.1.2.2.Historic 
The larger percentage of error and uncertainty within GIS arises from the 
use of historic maps. Maps dated earlier than 1970 generally conformed to 
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the revision process, where maps of previous editions were updated with 
land development. This caused a number of problems as errors within the 
maps could be inherited and carried through. Looking back earlier than 
this and to the turn of the 19"^ century, many issues related to map 
inaccuracy came about due to the surveying methods. Carr (1980) 
recognised the limitations of historic maps citing their technical accuracy, 
surveying errors and partial revision. 
The historical maps obtained for this project came from a digital source. 
The use of digitised historic maps from Edina Digimap (EDINA, 2005) 
helped to improve accuracy. The maps had been rectified though a similar 
process to that carried out upon the aerial photographs. Therefore 
correlating the maps imagery data with the same modem coordinate 
system used for the aerial photographs. 
7.1.3. Georeferencing 
Further stages in the data preparation procedure are inherently prone to 
oversights which could decrease the accuracy. Anders and Byrnes (1991) 
recognised the importance of selecting the correct weight of line from 
Georeferencing. If we consider the image being georeferenced, it is 
constructed of pixels, and with the aerial photos each pixel represents 0.5 
meter. Therefore if a line is greater than 1 pixel the accuracy will start to 
decrease by 0.5 of a meter each time. 
7.2. Further data sources for consideration. 
It is important to recognise a number of data sources not looked at in depth for this 
project. The following sources were omitted as they did not fit into the time scale 
of this project, therefore full comprehension and interpretation of the sources in 
hand could be carried out. 
7.2.1. Beach Profiles 
The correlation of beach profiles with the cliff recession would aid 
significantly to allow a greater interpretation of the change in sediment budget. 
Further a direct link could be defined between the loss of beach material and 
increased failure of the lower benches ("D' and 'A3') within the cliffs. 
7.2.2. Detailed Wave Data drsor 
CitCh.Ain wj-n, Cui^^^hurL-
Wave data obtained from wave rider buoys would allow a throughout analysis 
of a change in wave climate. This in turn would allow the quantative analysis 
of storms effects upon the coastline. 
7.2.3. Luftwaffe aerial reconnaissance photography. 
Reconnaissance photos from German planes during WWII could provide a 
very good source of data to clarify the accuracy of the historical maps dating 
from 1920 to 1960. 
7.2.4. Repeating Methodology for different Sections of coastline. 
Lastly, the repetition of the methodology detailed throughout this project 
would be highly profitable on a number of sites. Firstly this would allow 
further critical analysis of the methodology. But most importantly a 
comparison of the response of the studied coastline in this project and a 
similar location could go a long way to confirm the interpretations made. 
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8. Analysis of controlling factors upon bay 
The analysis seen in Section 5 and 6 have highlighted the major responses the study 
area has had. These changes and responses can be attributed to the following 
significant occurrences both of human and natural influence. 
8.1. Seasonally high rainfall 
Section 5 and 6 clearly attributed large changes in the cliffs morphology to an 
influx of water through seasonal highs in rainfall. Although further research into 
this correlation between cliff failure extending the cliff toe and months of 
seasonally high rainfall needs to be done, it is clearly an important point for 
discussion. There is evidently a controlling factor here, and if climate change 
models predict increasing rainfall for sustained periods this type of induced failure 
could become more frequent. 
8.2. Groundwater in cliff 
Directly linked to seasonally high rainfall is the increase of ground water in the 
cliffs either held within aquifers or surface storage. Through the 
geomorphological analysis it was clear that areas showing signs of surface storage 
were prone to further bench failure, mud slides, debris flows and fluvial channel 
erosion. 
8.3. Beach replenishment and Coastal engineering at Highcliffe. 
The analysis of the recession data clearly shows that there is a definite response in 
the cliffs of Naish farm to the work carried to the west in Highcliffe. It is 
reasonable to assume that the beach replenishment could go some way to reduce 
the recession seen at Naish, as artificially introducing material into the sediment 
budget of Christchurch Bay would improve the amount of beach material found 
on the beaches below the Naish Cliffs. In spite of this it is very clear that the 
groyne field constructed at Highcliffe have a clear defining influence on the speed 
of the recession of the cliffs. 
8.4. Mining and Coastal engineering at Hengistbury Head 
In addition to the clear influence that the work done at Highcliffe has had upon the 
Naish Farm Cliffs the changes that have occurred around Hengistbury head have 
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clearly influence on the sediment movement and cliff recession throughout 
Christchurch bay. The dates of the mining of the Christchurch ledge clearly 
correlates with the dates of major recession, as the Christchurch Bay cliff line 
became less protected, an increased wave climate saw greater material lost off the 
beaches and therefore greater wave attack on the toes of the cliffs. The consequent 
constructions of the groynes off Hengistbury Head lead to further depletion of 
beach material reaching the Christchurch beaches, and therefore left the Naish 
Farm site greatly exposed. 
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9. Conclusion 
This project has looked in great detail at two related but very different topics. The 
development of an unprotected stretch of coastline and the GIS methodology used to 
analyse its development. 
The GIS methodology has proved to be a very effective way of observing how a 
section of coastline has developed. It provides the user with the ability to have a vast 
amount of data in one place. The software offers an extensive number of ways to 
analyse and present that data, as it is easily exported into most commercial GIS and 
CAD packages. The relative simplicity of the software allows quick replication of 
methodologies; this gives the opportunity for this technique to be applied to different 
localities across the country. 
From the data observed throughout this project a good understanding of how the 
Naish Farm cliffs have changed over 130 years has been acquired. The results show 
that there is a clear response within the cliffs to the engineering works and 
meteorological events occurring in the vicinity of the study area. 
The geomorphological analysis carried out within this project identified a number of 
distinct features within the cliffs. A number of these features occur cyclically within 
certain regions of the site. From this it can be concluded that the type of 
geomorphological features is controlled largely by the localised lithology and how the 
combination of permeable and impermeable geology controls the movement of 
ground water. 
The analysis of the recession data shows a number of distinction correlations between 
events within Christchurch Bay and the erosional response of the Naish Farm site. 
The deep channel which was excavated during the mining of the Ironstone found in 
the Christchurch Ledge, off Hengistbury Head, has clearly determined coastal 
development within Christchurch Bay. From this a number of events have been 
triggered. The protection that the Christchurch Ledge provided was taken away. This 
resulted in an increase in the longshore drift which took larger amounts of beach 
material away from Christchurch Bay. This exposed the cHff line to the wave attack, 
causing an increase in the rates of recession. The loss of the Christchurch Ledge also 
prompted a human response as engineering works were designed to reduce this loss of 
material. Groyne fields were introduced to try and limit the long shore movement of 
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sediment. Although these engineering measures protected Highcliffe, the Naish Farm 
locality has not benefited. Due to the SSSI designation of the site, engineering works 
here are prohibited; this has left this section of coastline exposed to erosion. Clear 
evidence of a set back directly downdrift of the strong point is obvious throughout all 
the analysis of this project. This has occurred through a combination of wave 
refraction attacking the cliffs increasing landsliding and limited sediment transport 
causing depleted beaches which leave the chff toe exposed. 
In the case of the Barton Cliffs of Naish Farm a clear accelerated recession has 
occurred down drift of a strong point from an average of 0.7 m/yr up to 1960 to an 
average of 1.9 m/year thereafter. The rate of recession has reduced considerably in the 
last 10 years to a rate of on average 1 m/yr. It is important to understand that cliff -top 
recession is incremental and that lapses of time are required after the large failures 
recognised between 1975 and 1984. A continuation of the study beyond 2002 is 
expected to show the recession rate to continue at an advancing rate beyond 2004. 
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Locality  Engineering Works 
Climatic/Meteorological 
Event/sedimentalogical 
Date  Day/Month  Name 
Map 
Reference 
Type of Worl<s Carried 
Out  Contractor(s)  Duration  Specification  Influence 
Type of 
Event  Duration 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
Hengistbury 
Head  OS 1969  Working of ironstone  ??  ??  Large Quantities 
Deep water 
channel scoured 
out close under 
the cliffs of the 
head 
40 years 
(cyclic) 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
Actuai start date of 
WWdYKI of ironstone 
1848 
Deep water 
1849 
Hengistbury 
Head  OS 1969 
Actuai start date of 
Workina of ironstone  ??  21to  Larqe Quantities 
channel scoured 
out close under 
the cliffs of the 
head 
40 years 
fqpiic) 
1850 
1851 
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1852  finish of mass workings 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
Hengistbury 
Head  OS 1969 
Finish Date of ironstone 
workinSs  ??  21MB 
Increased erosion 
of the heads 
(lOOyards in 9 
years), and 
increased the 
growth of 
mudeford 
sandbank by the 
sand released 
onto the foreshore 
1871 
1872 
1873 
1874 
1875 
1876 
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1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
Highcliffe 
Castle  Drainage system 
Stuart 
Worttey 
36ft deep Drains 
parallel with the 
edge of the cliff 
Kept around 27ft 
of the cliff dry, it 
was recognised 
that has this 
happened 100 
years earlier there 
would be at least 
1km of land saved. 
1909 
Highcliffe 
Castle 
Open Grips/Cliff toes 
Groyne system 
Stuart 
Wortfev 
Open Grips 3m 
deep, with 
slanting sides. 
And 3 stone 
groynes, with one 
at an angle to 
direct the river 
out to sea south 
of the castle. 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
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1922 
1923 
1924 
1925 ??  Milford  First length of sea wall  ??  ?? 
1926 
1927 
1928 
1929 
1930  Barton-on-Sea  Groyne System 
Timber Planks, 
with bullhead rails 
as piles 
1931 
1932 
1933 
1934 
1935 
Christchurch 
Harbour 
Final 
Breaching 
of Spit after 
prolonged 
cyclic 
episodes 
1936 
1937 
Hengistbury 
Head  Constnjction of a 
substantial groyne off 
Hengistbury head  1938 
Hengistbury 
Head 
Constnjction of a 
substantial groyne off 
Hengistbury head 
1939 
Hengistbury 
Head 
Constnjction of a 
substantial groyne off 
Henalstbury head 
Bournemouth 
Council 
1940 
1941 
1942 
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1943 
1944 
1945 
1946 
Mudeford  1st of 6 concrete groynes 
Christchurch 
Borough 
Council  5 years 
Concrete 
Groynes 
1947 
1948 
1949  Mudeford 
Completeion of concrete 
Groynes 
Christchurch 
Borough 
Council 
Concrete 
Groynes 
1950  Mudeford  Continuation of Works 
Christchurch 
Borough 
Council 
Timber 
Revetment and a 
further 5 timber 
groynes 
1951 
1952 
1953 
1954 
1955 
1956 
Milford 
Start of groyne 
construction 
4-6 groynes put 
up each year. 
1957  Milford  Replacement of sea wall 
1958 
1959  Milford 
completion of Groyne 
Construction 
1960  Baron-on-sea 
Consulted Sir William 
Halcrow and Partners 
Sir William 
Halcrow and 
Partners 
6,000ft of sea 
wall and groynes, 
and 4,850fl of 
sheet piling and 
drainage 
•Number of 
options (1) 
1961 
1962  Milford 
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Christchurch 
Borough 
Council  Mudeford  Concrete Wall 
Christchurch 
Borough 
Council 
10 
years 
Reinforced 
Concrete Wall 
1963  Miiford  Construction of sea wall 
Messrs A. E. 
Fan-, Ltd 
225 yards of sea 
wall. £75,560 
1964 
1965  April  Highcliffe  Proposed works 
Messrs 
Mobbs & 
English 
System of 
permeable 
defences 1.25km 
long 
1966  Mudeford  Concrete Wall 
Christchurch 
Borough 
Council 
Extension of 
Reinforced 
Concrete Wall 
1967  Highcliffe  Revetment 
Christchurch 
Borough 
Council 
Revetment Stage 
1 
1968 
1969 
1970  Hiqhcliffe  Revetment 
Christchurch 
Borough 
Council 
Revetment Stage 
2 
1971  Highcliffe 
Complete system of 
penneable defenses 
(timber revetment) 
Mobbs & 
English  6 years 
1,200m of 
protection costing 
£206,000 
1972  Mudeford  Christchurch 
Borough 
Council 
Extension of 
Reinforced 
Concrete Wall  Concrete Wall 
Christchurch 
Borough 
Council 
Extension of 
Reinforced 
Concrete Wall 
1973  Highcliffe 
Stage 1: Series of cliff 
stabilisation measures, 
(final design from 1960 
consultancy) 
Sir William 
Halcrow and 
Partners  2 years 
Diaphragm Wall, 
Horizontal/vertical 
Drainage at the 
coast of 
£200,000 (3) 
1974  HIghcllffe 
1975 
1976 
HIghcllffe  Emergency works  Christchurch 
Borough 
Emergency Cliff 
works 
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Council 
October 
English South 
Coast 
Subsiquent 
protection 
implimented in 83, 
91. 96. 
Notorious 
Storm  24 hours 
1977 
1978  Hlqhcliffe 
Stage 2: Survey, and 
maintenance of '73 
engineering. 
Christchurch 
borough 
Council  2 years 
maintenance 
scheme costing 
£135,000 
1979  Highcliffe 
1980 
Chewton 
Bunny  Bastion 
Christchurch 
Borough 
Council 
Initial Bastion 
work 
1980 
Hiqhciiffe 
Highcliffe Castle 
Emergency Works 
Christchurch 
Borough 
Council  <1 year 
Cliff Slip Reparis 
£6,280 
1980  Highcliffe  Hydroseeding 
Institute of 
Ten-estrial 
Ecology  1 year 
Hydroseeding, 
and additional 
topsoil 
Provided greater 
stability to the 
lower angle 
slopes. 
1981  Culmore 
Culmore Emergency 
Works 
Christchurch 
Borough 
Council  <1 Year 
Cliff Slip repairs 
£39,482 + 
£52.282 
1982 
1983 
1984 
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1985  Highdiffe 
2 stage groyne and 
nourishment scheme 
Gravel: 
Tarmac 
Roadstone 
Ancillary 
worlds: 
Christchurch 
Council 
Monitoring: 
Land 
Development 
Services Ltd 
< 1 
Year 
Groynes, 
Nourishment, 
Ancillary Works, 
Monitoring (2) 
1986 
Highcliffe 
Cliff Stabilisation Works 
Stage 1 
Christchurch 
Borough 
Council 
< 1 
Year 
Major Cliff works 
£249,455 
1986  Hiqhcliffe 
Cliff Stabilisation Works 
Stage 2 
Christchurch 
Borough 
Council 
< 1 
Year 
Major Cliff works 
£488,840 
1987  Hiqhcliffe 
Highcliffe Beach 
Nourishment 
Christchurch 
Borough 
Council 
< 1 
Year 
New Beach 
£337,844 
1988 
1989  Storm 
1990 
1991 
Chewton 
Bunny 
Chewton Bunny 
Emergency Works 
Christchurch 
Borough 
Council 
< 1 
Year 
Rock armouring 
£50,078 
1992  January 
Chewton 
Bunny 
Chewton Bunny 
Emergency Works 
Christchurch 
Borough 
Council 
< 1 
Year  Bastion £136,192 
1992  January  Highcliffe 
Alternative long and short 
rock armour groynes 
Dean and 
Dyball 
Construction  10wks 
36,00 tonnes of 
rock armour, 
28,00 tonnes of 
beach 
nourishment 
1993 
Hiqhcliffe 
Highcliffe Groyne 
Conversion and 
nourishment Top-up 
Christchurch 
Borough 
Council 
< 1 
Year 
Rock Groynes 
and more beach 
material 
1993 
Chewton 
Bunny 
Chevrton Bunny Drainage 
Works 
Christchurch 
Borough 
Council 
< 1 
Year 
Counterforte 
drain £40,000 
1994 
1995 
-10-Appendix I 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
Stropher H.E, Wise E.B, 1966 Coast erosion problems in Christchurch Bay, Journal of the Institute of Municipal Engineers. Vol 93, 328-332 
Extract 1, 1985, Highcliffe Beach Nourishment from www.christchurchbay.gov.uk 
Extract 2, 1993, Highcliffe groyne scheme, www.christchurchbay.gov.uk 
History of Mudeford Sand Bank, www.christchurchbay.gov.uk 
Mudeford Sandbank Management Plan www.christchurchbay.gov.uk 
Cliff Stabilisation techniques at highcliffe. Www.christchurchbay.gov.uk 
Mockn#|B R.G, 1S^, HfalhclHfe Cliffs - the maintenance of coastal slBPe> Shoreline Protection. ProceediTKBi of ICE conference held at SouthamPlBB. 
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(2) Full Specification 
Stage 1 - Groynes  £293,000 
Stage 2 - Nourishment Material: 
75,000 tonnes gravel £3.31/tone  £249,000 
-Ancillary works, access road, etc  £ 35,500 
- Monitoring for 12 months  £ 14,500 
-Design and supervision  £ 18,000 
Total at 1984 prices  £610,000 
(3) 
1. Diaphragm Wall and Counterfort Drains 
Concrete construction, 5-6m into the clay, with drainage behind it through rock filled counterfort 
drains. 
2. Horizontal Drains 
Installed at a intermediate level, on basis of geological information. Designed to pick up ground 
water from the Highcliffe sands. 
3. Lower Slopes 
Shorter rock filled drains provided to aid surface drainage 
(1) 
a) Drainage by means of involved pipes (uneconomic) 
b) Drainage by means of a gallery driven inland of cliffs, (no more effective of less expensive than (c)) 
c) Drainage by means of a system of wells inland of the cliff, each with a submergable pump installed, (potential to 
cause differential settlement) 
d) Formation of an impermeable barrier between the top of the cliff and the toe through sheet piling. Drainage will be 
extensive, (this scheme formed the basis of the final recommendation. ( estimated cost of £452,000 ) 
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File Basic Tools Qassification Transfotm RIter Spectral Map Vector Topographic Radar \Mndow Help 
File Overlay Enhance Took Window 
^X) 
^Xj 
Rle Options Help 
FiducWXHl 7.475 g 
FidijcialY|-119.5975l g 
Image Xj172.00 ^ 
lmagBY|145.00 ^ 
AddPoir^ INunbet of Selected Poir^s'-Q Ptedbt 
Show LisI RMS Error N/A 
Figure 17: Referencing fiducial points through the 'Build Interior Orientation' function. 
To reference the fiducial points the views seen above are used to navigate 
accurately, so that the cross hairs accurately sit in the middle of the point. 
The process of obtaining the X and Y coordinates of the fiducial points is 
described in figure 18. 
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Figure 19: Position of Focal Length (mm) 
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File Basic Tools Classification Transform Filtei Spectral Map Vector Topographic Radar Window Help 
gl #1 (R:R (21-081 W(80S5).;MWW,(21 "0 
File Overlay Enhance Tools Window 
JnJxJl 
Sensor Type |Aif Photo 
Focal Length 1153.03 mm  ;.oo ^ 
Orfho Pafametefs Filename [.ort] Choose [ 
.00 ^ 
OK j Cancel |  .ast Point | 
ai #1 Scroll (  ^xjl 
Figure 20: Input of'Focal Length' and parameters output filename and location. 
The software requires a filename and location for the parameters generated 
in the instructions above. 
It is important to keep the files well organised in structured folders, with 
simple yet descriptive names. This wUl allow for quicker repetition of the 
orthorectification processes if parameters need to be modified. 
3.1.1.2.Building an Exterior Orientation 
Map > Orthorectification > Air Photo > Build Exterior Orientation 
The screen shot in figure 20 shows the window which allows you to select 
exterior orientation projection. 
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He Base Tools ClMsficahon Transform Rter Spectral Map Vector Topoy*4K Rad& 
Fk Overlay Enhance Took Wodow 
Ems  ^Xj 
3 o (S s  01934 
Fiosdlype. J'.ORT 
Figure 24: selection of saved ortho parameters for orthorectifying. 
The next stage (figure 24) shows the request for the Orthoparameters 
Filename. This is the information obtained in section 3.111 
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File Basic Tools Classffication Transform FSter Spectral Map Vector Topographic Radar Window Help 
a #1 (RArtho (R (21<»-1994(80e5)4pgMMemofy&DfAiAq 
File Overlay Enhance Took Wndow 
Figure 27: Final orthorectified view of aerial photo. 
The view seen in figure 27 is the final output generated by the 
orthorectification. The re-orientation can be seen in the bottom left hand 
view. 
3.1.2. DEM (Background) 
At this point it is important to know a little more about DEMs, the way they 
work, their source and ways to manipulate them. 
A thorough understanding can help to eliminate or identify potential problems. 
3.1.2.1.DEM source 
UK DEM data can be obtained from a number of sources. 
• Digimap rhttp://digimap.edina.ac.uk/) 
• The Landmap Project (http.V/www.landmap.ac.uk/) 
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Due to its flexibility, being recognised by all leading GIS software it is an 
appropriate choice to generate the orthorectified aerial photographs. 
Figure xx shows the simplicity of creating a Geotiff as it is as simple as 
resaving the initially generated view. 
FiloSave File As>GeoTIFF 
I File Basic Tools CbssiFicdbon Transform Filter Spectral Map Vector Topographic Rady Window Help 
Open Image Rle 
Open Vector File 
Window 
Open External File 
Open Previous File 
Edit ENVI Header 
Generate Test Data 
Data Viewer 
ENVI Standard 
ENVI Meta 
Import from IDL Variable 
Export to IDL Vanable 
Compile IDL Module 
IDL CPU Parameters 
Ascn 
ArcView Raster (.bil) 
ER Mapper File 
ERDAS (.Ian) Fife 
JPEG2000 
NITF 
pa File 
Tape Utdbes 
Scan Directory List 
Change Output Directory 
Save Session to Script 
Execute Startup Script 
Restore Display Group 
E5RI GRID 
EISIVI Queue Manager 
ENVI Log Manager 
Close All Files 
Preferences  -lalxl 
Figure 29; GeoTIFF saving menu options. 
3.1.3.2.others 
Figure 29 shows further option for saving data generated in ENVI 4.1. 
Each has its own appropriate use, such as ERSI GRIDs which are designed 
be used with spatial data in any ERSI software such as ArcView. 
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The loading of the extension itself is done simply through the extension menu 
(figure 34), once the project is saved the extension will load automatically when 
the project is loaded. 
Close 
Close All 
Setiiiorking Directory... 
Save Proiect Ctrl+S 
Save Project As... 
Extensions... 
@ E:-.i:c.is:3r.z  m 
Etint... 
Piint Setup... 
Export... 
Manage Data So 
Available Extensions; 
Ejiit 
"3  OK 
Cancel 
Dialog Designer 
_J Digitizer 
yj Digital Shoreline Analysis System v2.0 
_| Geoptocessing 
_J Graticules and Measured Grids 
J IMAGINE Image Support T Make Default 
_1 JPEG (JFIF) Image Support v| 
About: 
— Reset 
Figure 34: ArcView 3.2 extensions option. 
The data is loaded through the add theme option (highlighted in figure 35). The 
subsequent menu allows the navigation to the folder which the desired file resides. 
ArcView CIS 3.2a 
Eile IJl; m Iheme JSraphics Window Help 
reiom o^bib 
rxi 
iOiMM 
& Untitle 
Tables 
Directory: | g:\shoreline\sample_data 
ffl clipslines,shp 
HI idedshp 
Bl idedcopy.shp 
ffl intrsect.shp 
ffl n251topl.shp 
ffl noidshp 
SI transect, shp 
Data Source Types: 
le g:\ 
IS shoreline 
Sr sample^data 
Drives: 
Cancel 
C Directories 
Libraries 
Figure 35: ArcView 3.2 Add Theme option. Add Theme Tool Bar button is highUghted. 
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Naish Farm DSAS Transects 
421900 
_I_ 
422500  422800 
Legend 
transectclifftop 
• intersectclifftop 
changesclifftop 
1872CliffTop 
1898CliffTop 
1909-1 OCIiffTop 
- - 1938-39CliffTop 
1963-62CliffTop 
1975Clifnbp 
1979CliffTop 
1984CliffTop 
1989CliffTop 
— 1994CliffTop 
1999CliffTop 
2002Clifn"op 
423400  423100 
0.25 
1 
0.5 
—t— 
1 Kilometers 
H 
Figure 46; Naish Farm DSAS Transects 
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Once the polygon has been created and saved the area can be calculated. 
Firstly the attribute table of the polygon must be opened by right clicking on 
the file (left hand window of figure 49) and selecting the attribute option. 
It is important to make sure that the polygon is in edit mode to allow the area 
calculations, although it is important to note that the software will not allow 
the creation of new fields when in edit mode. 
Right clicking in the area field and selecting calculate values (figure 50) will 
open the window seen in figure 51. 
_ gy -ioix  I Attributes of A11872 
FID  Shape*  Id  Al 
0  Polygon  0 
Sort Ascending 
F Sort Descending 
Summarize... 
Z Statistics... 
Freeze/Unfreeze Column 
Delete Field 
Figure 50: Polygon attribute table. 
Figure 51 also depicts the script which will return the area value in the 
attribute table. 
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Naish Farm Area 1 
421900 
Legend 
AreaBoundenes 
A11872 
A11898 
A11909 
A11938 
A11963 
A11975 
A11984 
A11989 
A11994 
All 999 
A12002 
0.03 0.06 0.12 Kilometers 
H 1 1 1 1 1 1 1 
Figure 53: Naish farm Area 1 
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30000 
25000 
20000 
15000 
5 10000 
1840  1860  1880  1900  1920 
Time (Years) 
1940  1960  1980  2000 
Figure 54: Area 1 cumulative loss of material over time. 
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1863 - 2002 Cliff Slope Angles for Area 1 
1840 1860 1880 1900 1920 
Time (Years) 
1940 1960 1980 2000 
Figure 57: 1863 - 2002 cliff slope angles for area 1. 
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Schedule 
November 
1 8 15 22 29 
December 
6 13 20 27 
January 
3 10 17 24 31 
February 
7 14 21 28 
March 
7 14 21 28 
Literature Review (ongoing) 
Project Prosai 
Document 
Presentation 
Acquisition of Data 
Site History 
Historical and Present Maps 
Historical and Present Aerial Photo 
Beach Profile Data 
Wave and Climate Data 
Organisation and Manipulation of 
Data 
Field Work and Data Collection 
DGPS Survey 
Computation and Analysis of Data 
Project Progress Report/Presentation 
Output of Results 
Analysis of results 
Write up 
Initial Draft 
Final copy 
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Figure 59: Geomorphological depiction of Naish Farm Cliffs. 1974 and 1979 
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Figure 60: Geomorphological depiction of Naish Farm Cliffs. 1984 and 1989 
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Figure 61: Geomorphological depiction of Naish Farm Cliffs. 1994 and 1999 Appendix VI 
Figure 62: Geomorphological depiction of Naish Farm Cliffs. 2002 
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